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ABSTRACT
This study investigates the relationship between school design and flexibility. Various 
design proposals to maximize the potential for accommodating change and adaptation in school 
building were explored from past studies. These proposals included an implicit assumption 
about the relationship between some specific design variables and flexibility in use. From 
these proposals two interrelated problems were identified; first, that there were no 
comprehensive definitions of these variables, nor were there any operational measures by 
which alternative design proposals could be compared in terms of the extent of incorporation 
of these variables and their flexibility. The second problem is that there is no real 
empirical verification so far of the hypothesis which suggested the relevance of these 
variables to flexibility in use. To investigate the relationship three methodological 
objectives were identified:
i) To develop operational measures of design variables by which their extent of 
incorporation in school designs could be assessed objectively (Chapter III).
ii) To propose operational measures of flexibility of school buildings in use (Chapter 
IV).
iii) To apply these measures on selected secondary school buildings in order to test 
empirically the hypotheses that suggested their relevance to flexibility in use (Chapters V, 
VI, VII, VIII and IX). This may, indirectly, enable a general assessment and comparison of 
flexibility between two groups of industrialized and traditional school building to be made. 
The study has to a great extent achieved the three objectives underlined above. The main 
body of this study was devoted to an empirical study on selected school buildings. Ten 
selected departments were chosen from the study sample and were assessed and compared 
according to their extent of incorporating design variables and their flexibility.
The study showed that flexibility in use is a complex phenomenon and provided further 
understanding to the aspects that regulate the accommodation of change in school buildings.
The study demonstrated that there is a positive significant relationship between specific 
design variables and flexibility, validating the main research hypothesis. It demonstrated 
that flexibility of school buildings is largely predictable from the knowledge about their 
design.
The study further provides an insight about the general rules of design for change in 
these buildings. It provides a framework for both architects and researchers, during the 
early design stage, to ensure that their conjectures about the potential of flexibility 
might be enhanced during use. It recommends that greater attention should be given, in 
future research, to examine the influence of socio-pedagogical and managerial aspects on 
flexibility, highlighting the importance of user’s perception and manipulation of their 
teaching environments as the most crucial aspects for optimizing flexibility. It becomes 
apparent that there is a necessity for further research to be carried out to examine the 
impact of the latter spects on flexibility.
This might assist in developing a a more coherent subjective body of knowledge, which 
could be fruitfully manipulated during the early design stage in relation to objective 
knowledge to enhance the effectiveness of flexibility in use. Other main areas of further 
research to emerge were concerned with testing the applicability of operational measures of 
both design variables and flexibility on some building types other than school buildings.
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CHAPTER I
IDENTIFICATION OF THE RESEARCH PROBLEM
1.1. Introduction:
This study deals with a number of architectural problems concerning the planning and 
design for flexibility, and the need for change in school buildings. It concentrates on 
investigating the relationship between the design and flexibility of school buildings in 
use. However, the problem of change in buildings has received less attention and interest 
in recent design studies, and only a few studies can be identified which will be 
highlighted during the course of this study.
Lack of research in this area does not necessarily mean that these problems have been 
resolved, nor does it indicate their insignificance in building design; rather it reflects 
the shift in the vision held by many critics and researchers about other urgent design 
problems which have dominated the 1980's.
Nevertheless, we believe that there is a number of real problems which need to be 
considered in this study regarding the design for change and flexibility of school 
buildings. This is mainly due to the recognition that previous ideas concerning 
flexibility, set forth in literature, have not adequately addressed the problems of change 
and renovation in curriculum, teaching methods and organization, nor have they considered 
the consequences of such changes on the physical aspects of school buildings.
Additionally, most past studies of flexibility have dealt with specific building types 
other than school buildings, and no rigorous attempts have been made so far to examine 
their applicability to school buildings. Hence, there still seem to be many unresolved 
problems and a lack of knowledge about the relevance of school designs to flexibility, 
which in turn necessitates further study to justify the objectives of this research.
Therefore, the aim of this chapter is to investigate and identify these problems, 
highlighting the importance of this study. The investigation in this chapter falls into
two main parts. The first summarizes the main design ideas for promoting flexibility in 
buildings concentrating on the main operational problems for measuring it. The second 
outlines the problems of change in school buildings and highlights the main design 
approaches adopted to resolve these problems.
Particular emphasis will be given to identifying the main design variables relevant to 
flexibility in use. The primary and the methodological objectives of the research will be 
mentioned later, followed by the main hypotheses and the structure of the research.
1.2. Background Studies of Flexibility in Buildings;
It has generally been recognized that the need for change and flexibility arises from 
the increasing rate of change in organizational, spatial and services aspects, which 
characterizes particular building types, such as hospitals, laboratories, universities, 
housing and school buildings.
In these buildings, the interface between space and technical services has evoked much 
controversy about how change can be accommodated cost-effectively during use, and to what 
extent the provision for change may improve the operational efficiency of building in use.
Both change, and the ability to cope with it, have been subversive undercurrents in the 
design of buildings over the last thirty years. It proved a painful experience for the 
architectural profession to break loose from the shackles of continuity and fixity to rise 
to the challenge that the only certainty is change (Oades,1990:60).
The search for an optimum approach to flexibility has become a significant aspect in 
buildings design and the focus of many studies in the past. Several design ideas for 
optimizing flexibility can be distinguished from these studies, which, however, differed in 
their scope and the aspects of change that has been investigated. Underlying these studies 
there is a common assumption concerning the relationship between particular design 
variables of the layouts and their flexibility. Only a few proposals concern us here:
i) The adaptability of design layout to accommodate chance in the organization and 
activities housed in them (Fawcett, 1976a, b; Steadman, 1983). In this proposal, 
particular emphasis has been placed on whether a prediction could be made about 
changes in activities to match their own spaces in the future (Fawcett, 1978; 
Maver, 1979; Vickery, 1979).
ii) The flexibility of buildings in relation to different desion variables, such as
uniformity of the spatial organization, structure, circulation patterns and
services (Weeks, 1964, 1969; Habraken, 1976; Oxmon, 1978; Oddie, 1975; 
Moharram, 1980; Al-Nijaidi, 1985).
iii) The flexibility of building systems in relation to the interchanoeabilitv and
compatibility of building components (Lapthome, 1973; Ehrenkrantz, 1970; 
Dulhosch, 1975; Phillips, 1974).
However, the above studies could be criticized as being parametrical rather than 
comprehensive, since they concentrated on particular facets of flexibility as related to 
certain design variables rather than all variables of the layout, which in turn detracts 
from applicability to other building types. A few main operational problems can be 
distinguished in these studies:
a) Lack of operational definitions and measures of desion variables and flexibility.
b) The inadequacy of the previous methods for measuring flexibility.
c) The insufficiency of empirical data for measuring flexibility.
Only a few attempts have been made in the above studies to assess the extent of 
flexibility advocated in buildings. These could be categorized into the largely 
subjective: characterized by being descriptive, and based on a morphological analysis 
techniques and description of flexible design (Oxmon, 1978:197-202; Moharram, 1980), or 
objective, which fall into four main types of studies; purely theoretical without any 
empirical evidence (Aylward, 1968/69,1974), theoretical based on hypothetical models with 
some empirical evidence (Cowan & Nicholson, 1965; Uewelyn Davies, et al, 1973)
theoretical framework supported by empirical evidence. (Al-Nijaidi, 1985), and theoretical 
based on probabilistic mathematical models and predictive formula for measurement (Fawcett, 
1976a,b, 1978; Vickery, 1979).
However, it is shown that most of the quantitative methods adopted in the above studies 
suffer from a number of deficiencies, particularly a lack of objective measuring criteria 
and lack of objective indicators for assessing flexibility; hence there is a genuine iack 
of data for indicating change in buildings. For instance, the methods adopted in the 
subjective studies were based on arbitrary weighting scores for indicating flexibility 
(Oxmon, 1978, Moharram, 1980), and hence their findings can be considered to have a lower 
degree of reliability. Though some attempts have been made in the latter empirical studies 
(Cowan & Nicholson, 1965) to develop some indicators, it is shown that these indicators are 
selective, concerning certain types of flexibility related to certain parts, or aspects, of 
the building and organization, which makes it not fully reliable for measuring flexibility.
By the same token, the same problems can be identified in the Markove simulation model 
adopted by Vickery (1979). In this model, flexibility of design was measured according to 
a lower average of communication cost penalty over time, concentrating on organizational 
flexibility rather than overall flexibility, and many operational problems can be detected 
in this respect.
Apart from the above deficiencies, no direct link between subjective and objective data 
for indicating flexibility has been established in the past studies and this could be 
considered one of the main deficiencies which needs to be addressed in this study. 
Specifically, no serious attempts have been made so far to provide sufficient data about 
users’ responses and perception of how change and/or adaptation has been accommodated in 
their buildings. Though such data are suspect on the basis of subjectivity, they seem to 
be essential and highly supportive of the objective data, in order to understand the 
process of change in buildings.
Therefore, a comprehensive method for assessing and measuring flexibility is needed. 
This method might enable both types of data about change to be obtained and applied
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according to the research problem. Meanwhile, there is a need to examine the applicability 
of some previous indicators of flexibility measuring change in school buildings.
1.2.1- Flexibility of School Buildings:
In addition to the above problems, two main, specific problems concerning the 
accommodation for change and flexibility in school buildings can be identified:
i) The complexity of school design and organization, which could be seen as a 
complicated matrix of interrelated activities, some of which can be described as 
educational and others as the ordinary pursuit of living (Pearson, 1975:36). However, such 
complexity emerges once there is a demand for change in these activities, and hence their 
relationship is becoming increasingly intricate, as new areas of study and experience 
emerge within the school curriculum, or due to changes in teaching methods.
ii) The necessity to meet the diversity of shared use of cultural, recreational and 
leisure facilities by different groups of users, which may present different design 
problems from those normally found in a school brief and which needs to be addressed in 
this research.
Many attempts have been made to resolve these problems in past studies of flexibility. 
However, these studies could also be considered inadequate, since they have emphasized some 
specific variables of school design, neglecting many other important aspects that have been 
put forward to enhance flexibility. The scope of these studies can be summarized as 
follows:
a) The flexibility of school buildings in terms of the diversity of teaching area. 
Flexibility, however, was thought to be enhanced bv the provision of a mix of generalized 
teaching spaces articulated with specialized spaces (Oddie. 1975: OECD,1977). This 
approach, however, postulates promoting flexibility on a daily basis without necessarily 
requiring any physical adaptation, facilitated by higher mobility of furniture and 
equipment in teaching spaces. Some rival claims to the above were distinguished, arguing 
for zoning of specialized areas to enhance flexibility (Lenssen, 1973; DES, 1973; OECD,
1976).
b) The adaptability of school buildings in terms of compatibility of teaching activities to
their spaces as proposed bv Fawcett (1976a, b; 1978). This approach is highly
probabilistic and based on uncertainty of change, where adaptability was defined as the
probability of whether change in activities would match their related teaching spaces in 
the future (Fawcett, 1978). The term adaptability was used in this model as synonymous 
with flexibility, since it refers to change in activities as related to the space, rather
than referring to the potential of physical change as such.
c) The adaptability of school buildings in terms of building technology facilitated bv
relocation, addition and/or removal of some building components (OECD, 1976; Oddie, 
1975).
Much emphasis has been given to the latter approach in the literature, following the 
introduction of industrialized school building systems (ISMS.) and the adoption of 
modular coordination in their design, manufacturing and construction. The emergence of 
these systems, however, began to provide increasing opportunities for users’ intervention 
to change the spatial organization of the layout, and hence to increase users’ control on 
the design to accommodate change in use (Lenssen, 1973:3).
On the other hand, there is a growing recognition that the need for standard systems and
their efficiency should be judged by their ability to accommodate change as new demands 
emerge "as educational processes are evolving from day-to-day changes, so building systems 
must evolve to match these changes, and necessitate a continuous process o f development, so 
that it can respond to a variety o f demands and requirements" (Pearson, 1975:36).
The design for change and flexibility has become the core notion of many postwar school 
building systems, particularly those of the late sixties and the early seventies (Russell, 
1981; Killeen, 1968; Testa, 1977).
The potential of flexibility was thought to emanate from the greater potential for
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reorganization and the ease ot adaptation of some building elements during use 
(Ehrenkrantz, 1970, 1971). This could primarily be seen in terms of independence of 
building elements, such as internal partitions and technical services elements, facilitated 
by optimizing the width of the structural spans (Weeks, 1969; Oddie, 1974).
Despite the emphasis on the relevance of the above variables to flexibility, past 
studies have scarcely considered other specific design variables related to modularity. 
These variables can be represented in terms of similarity of areas and uniformity of 
structure, both of which were claimed to be incorporated in buildings, albeit to a 
different extent, and both were claimed to influence their flexibility in use (Aylward, 
1974,1979; Lynch, 1958,1985; Weeks, 1969).
Following this, there seem to be controversial assumptions about the optimum approach 
for optimizing flexibility in school buildings. Two main questions have been raised: i)
To what extent have the earty design decisions considered maximizing the degree of 
flexibility to minimize the need for future adaptation? And ii) does the extent of 
incorporation of the above variables in school design influence their flexibility in use?
Addressing these questions, further investigation of the relevance of design variables 
to flexibility is required in this study. By proxy, this implies measuring their extent of 
incorporation in school designs, since that might enable the assumption about their 
relevance to flexibility to be tested empirically.
Furthermore, there is a need to examine the validity of school building systems in 
relation to the conventional methods, and hence to assess and compare different school 
building systems in terms of their flexibility, the advantages and the constraints they 
impose, and the extent to which the ideas embodying each of them are applicable.
1.3. Particularization of Research Problem:
In the light of the above, it becomes clear that one of the main objectives of this 
research is to verify the controversial claims concerning the optimal design approach to 
enhance flexibility of school buildings in use. This might primarily suggest investigating
the cause-and-effect relationship between school design and flexibility, concentrating on 
the main design variables relevant to flexibility, as shown in figure (1-1).
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Figure (1-1): The theoretical framework of the study
However, most of the previously mentioned variables were not clearly defined, or were 
misinterpreted so that neither an operational definition, nor any objective measuring
proposals of their incorporation in the design, have been established. Also, it appears 
that no comprehensive assessment method for measuring flexibility has been proposed. This 
therefore needs to be developed in this study.
1.4. The Objectives and Hypotheses of the Research:
1.4.1. The Main Objectives of the Research;
The prime objective of this research is to investioate the relationship between the 
incorporation of some design variables in school design layouts and the flexibility of 
school building in use. To achieve this objective, the following methodological objectives 
will be considered:
i) To propose a system of measurement bv which the extent of incorporation of specific 
desion variables in school designs can be assessed and compared. This should be a 
close approximation of each variable, as it appears in the previous studies of 
school buildings: and reliably objective and sensitive enough to allow comparison 
to be made among different school layouts. Two main design variables will be 
measured in these layouts: similarity versus variety of areas and uniformity of 
structure.
ii) To propose operational measures of the extent of flexibility of school buildings in 
use with respect to the pattern and type of change, the amount of change and the 
freguencv of its occurrence. The system of measurements will enable an objective 
comparison to be made between different school buildings, in terms of their extent 
of flexibility, and to establish a general applicability of this measure that could 
be adopted, as needed to facilitate similar measurements in other building types.
iii) To apply these measures to selected secondary school buildings, in order to test 
empirically the hypotheses that suggested their relevance to flexibility. This may
findirectly enable the comparison of flexibility of two groups of school buildings; 
the i.SMS. and TSMS., to be made.
However, the primary objective of this study can be achieved with respect to as many 
design variables as possible. For the attainment of the first methodological objective, it 
was considered satisfactory or adequate to limit the number of variables, to only two 
variables, depending on the availability of data about the school buildings chosen for the 
survey.
1.4.2. The Hypotheses of the Research:
This research examines three different hypotheses as follows:
i) The Main Hypothesis fHm): This splits into two sub-hypotheses; firstly, that the 
higher the extent of incorporation of design variables in the school design layout, the 
higher is the flexibility of school building in use (viz. that there is a positive 
relationship between the extent of incorporation of specific design variables and the 
flexibility of school building in use). Secondly, that the lower the extent of 
incorporation of these variables, the lower the extent of flexibility in use.
ii) The Rival Hypothesis (Hr): That the higher the extent of design variables 
incorporated in school design layouts, the lower the extent of flexibility of school 
buildings in use (viz. there is a negative relationship between the extent of 
incorporation of these variables in school design and their flexibility in use).
iii) The Null Hypothesis (Hn): that there is no relationship between design variables 
and flexibility of school building in use.
1.5. The Structure and Organization of the Research:
This research is divided into ten chapters and will examine the following aspects:
a) Classification of the main design variables in the school designs as the independent 
variable of the empirical research.
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b) Analysis and classification of types of flexibility of school buildings, as a 
dependent variable of the empirical research. The analysis will be followed by the 
refinement and development of the procedures for measurements.
c) Ordering and categorization of selected school biddings.
d) Examination of the above mentioned hypotheses, within a theoretical framework of 
measurement by a study of selected school building samples. The samples will be 
the basis of analysis of the relationship between the design variables and flexibility in 
use.
e) Systematic selective survey, site visits and observation to enhance and refine the 
data relevant to design variables and flexibility of school buildings. The data will be 
analysed, tabulated and cross-tabulated; later, distribution, percentage, scatters, 
histograms and correlations will be obtained, as needed, by using the Minitab and SPSSX 
packages in the Bath University Computer Centre.
f) Drawing up the general and the specific conclusions with reference to the main 
objectives of the research and exploring the nature of the relationship between the 
selected design variables and flexibility of school building in use.
g) Findings are incorporated in the development of the existing school building designs, 
and applications of the research will be illustrated.
Accordingly, an introductory chapter (II) will provide a comprehensive review of the 
concept of flexible school designs, concentrating on the phenomenon of change in 
organizational and physical school buildings aspects. A major emphasis will be placed on 
some characteristics and variables of school design and different claims about their 
relevance to flexibility will be highlighted and discussed.
Chapter III will deal with the first objective of the research and will emphasize the 
modularity notion as implemented in different school designs. Some technical implications 
of modular co-ordination/modularity on school building systems will be investigated, 
concentrating on the issue of interchangeability of building components. Later, the 
incorporation of modularity attributes in school design will be reviewed and discussed in
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terms of some specific design variables. Operational definition of the above variables 
will be refined in this chapter and their measuring proposals will be developed 
accordingly. These proposals will be incorporated in the empirical study of a few selected 
schools which will be undertaken in chapter VI.
Chapter IV will introduce the concept of flexibility of buildings and postulate it as 
the dependent variable in this study. Some operational definitions of flexibility of 
school buildings will be refined and developed in relation to different types and classes 
of flexibility. An attempt will be made in this chapter to develop some objective and 
subjective indicators for measuring flexibility according to these definitions. These 
indicators will be incorporated in the study of an empirical sample, which will be 
investigated in chapters VII and VIII, in order to arrive at an overall assessment of 
flexibility of school buildings.
Chapter V will deal with the empirical research of this study, in assessing the 
relationship between design variables and flexibility in use. This chapter describes the 
research design of the empirical research, outlining the variables, the relationship, the 
hypotheses, the measurements of variables and the sample of the study.
Chapter VI will concentrate on assessing and comparing the selected school buildings in 
terms of the extent of incorporation of a few design variables. Only ten teaching 
departments will be considered for the purpose of assessment, as a representative of school 
buildings.
Chapters VII and VIII will deal with the comparison of flexibility of school buildings 
in use with respect to the same school sample. However, chapter VII will concentrate on 
general assessment and comparison of flexibility of two groups of schools (i.e. the 
ISJ3S. and TSJJS.), while the main emphasis in chapter VIII will be placed on specific 
assessment and comparison between teaching departments chosen from the same school sample.
Chapter IX will present a general assessment of the relationship between the extent of 
incorporation of the two selected design variables and the extent of flexibility of school 
buildings in use.
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Finally, chapter X will include a general discussion of the findings that were analysed 
in the previous chapters and the main conclusions related to optimization of flexibility in 
school building design, will be outlined.
CHAPTER n  
FLEXIBILITY OF SCHOOL DESIGNS
2.1. Introduction:
The aim of this chapter is to investigate flexibility of school designs. Different 
ideas about the accommodation for change in building use will be examined, in an attempt 
to identify their implications for school buildings. Various ideas about the relevance of 
school designs to flexibility will be reviewed and discussed. Later, an attempt will be 
made to define and categorize flexible school designs and to identify the most influential 
design variables relevant to flexibility in use. Other design variables related to 
modularity will be identified in the next chapter.
22. Background Studies of Design for Change in Buildings:
It has been increasingly realized that the process of change in a building is a very
complex phenomenon, which can be attributed to the multiplicity and overlap of aspects 
influencing change and the difficulty of predicting change over the lifespan of a building 
(Cowan, 1963; Weber, 1969:4). The duality of "speculative" or predicted and the
"observed" issues of change in buildings has been recognized in earlier studies to be 
highly intricate, and many difficulties have been detected in this respect (Cowan,
1963:56).
These studies, however, were characterized by the adoption of some materials from other 
fields, as analogies, owing to the lack of criteria for measurement and an insufficiency 
of empirical evidence for indicating change. The analogy between biology and the 
environment was emphasized, in the search for a clear explanation of the phenomenon of 
change in both environment and buildings (Cowan, 1963; Lynch, 1958).
For example, concepts such as the degree of specialization and growth of cells have 
been adopted to explain the environment potential for change (Lynch, 1958). Two basic 
cells functions were distinguished by Lynch (1958); i) the specialized functions (i.e.
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assigned for support, communication and chemical action), and ii) the generalized 
functions (i.e. assigned for job such as growth and change). By analogy, the notion of 
"zoning and the concentration of structure" has been proposed as one of the ideas for 
achieving change on the urban environment level (Lynch, 1985:179).
This notion was based on the possibility for change and the ease with which change 
could occur; hence, by separating a permanent from a temporary structure, change could be 
facilitated, since the users in the temporary zones would have a greater ability to 
change, as opposed to a lower potential for change in the permanent zones.
However, the design for change in the built-environment has been examined in many other 
studies; for instance, in the works of a Japanese metabolist (Kurokawa, 1972), in the 
English Archigram Group (Cook, 1970), and by architects, such as Friedman (1974), and 
Hosken (1973). These studies gave expression to the problem of change as one of the main 
issues in architecture, and emphasized promoting a dynamic and changeable environment in a 
comprehensive and coherent way, which coincided with the emergence of new concepts of 
flexibility and adaptability.
In these studies the term; flexibility and adaptability were used interchangeably. As 
applied to the built environment both were claimed to be promoted, where a major structure 
is concentrated and where functional areas are separated according to the likelihood and 
the ease to change. However, most of the past studies have centred on investigating the 
essence and the motivation of change in building during use. This will be summarized 
below.
2.2.1. The Change in Building use:
Several studies concerning the phenomenon of change in building use can be 
distinguished in the literature. These studies differed in their scope, where major 
concentration was given to certain aspects of change and the particular part of the 
building under examination. Despite these differences, past studies of change can be 
categorized mainly into descriptive and empirical.
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Most of the descriptive studies focused on analysing the pattern of change within the 
organization housed in a building and emphasized the development of the process of change, 
and how it occurs over time. These studies, however, are highly subjective and can be 
criticized on the basis of reliability of indicators and lack of data for interpreting 
change.
They also lack a feedback information about those undesirable consequences of change, 
resulting from the process of obsolescence and deterioration of fit during use. 
Specifically, it seems that lack of objective data exhibited by these studies most likely 
militates against any attempt to predict change in buildings improving their operational 
efficiency in use.
Despite the many criticisms, description of change may be helpful in indicating how the 
development of activity may affect its requirements over time. For instance, Cowan (1963, 
1965:31) has recognized that hospital development may occur due to change in activities 
which normally follows a cycle of "change-growth-decay". This cycle is normally reflected 
in its requirements of accommodation.
He argued that the above three facets of a building’s lifespan are related to the size, 
shape and function of the building and are instrumental to change, in terms of both 
organizational and buildings aspects.
On the other hand, empirical studies of change dealt with measuring some specific 
attributes of change which characterized the organization housed in the building and the 
building itself.
The findings of these studies can be considered very beneficial, since they provided a 
supportive empirical evidence about change in buildings and the organizations housed in 
them, suggesting solutions to the problems which might arise from such changes over time 
(Cowan, 1965).
Many measurable indicators of change were proposed accordingly, in these studies. For 
instance, four main indicators were proposed by Aylward (1968/69); the place or location 
of the change, the frequency of change, the magnitude and the type of change. However,
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very little attention has been given to examining and measuring them empirically, except 
in some buildings types, such as hospitals (Cowan & Nicholson 1964/65:66-67; 
Llewelyn-Davies, et alt 1973) and laboratories and research buildings (Williamson, et al, 
1971; Sinclair, etal, 1977:23).
In school buildings, several indicators for measuring change can be distinguished, 
particularly the frequency and magnitude of change. However, it seems that these 
indicators are problematic in many respects (OECD, 1976:10).
These problems concern the lack of an evaluative unit of measurement and the difficulty 
of observing change over a substantial period of time. Nonetheless some attempts at 
measurement were undertaken in past studies, which can be developed and adopted in this 
study (Th’ng & Davies, 1972; Maver, 1979).
Other indicators, such as the change in the area per pupil, the number of enrolled 
pupils and change in activity patterns, were identified, as an empirical measure of change 
(DES/ A+B Branch, 1978; Maver, 1979). The first indicator, however, appears to be very 
general, since it conveys very little information about change in the demands of activity. 
Also, it is not fully reliable in indicating change, since different school designs differ 
in their area standards and the methods of quantification of areas. On the other hand, 
the second indicator can primarily be seen as very beneficial in indicating the trend of 
change in the school enrolment and its operational capacity, but it too needs to be 
considered in relation to the availability of teaching accommodation and change in the 
overall teaching areas. In this way, any inadequacies, or over-provision in these areas 
can be indicated.
On the contrary, the third indicator, i.e. change in the activity pattern, can be
considered to be highly specific and more reliable than the former indicators, but this 
too seems to suffer from many problems. These problems concern the availability of past 
records of activities and lack of data about the nature and types of activities housed in 
the school building, in relation to their time-tabling.
Though the above indicators could, to some extent, be considered useful in indicating
-17-
change, alternative indicators of change need to be developed in this study, and hence, an 
attempt will be made in chapter IV to achieve this target.
222. The Change in Bandings and the Problem of Obsolescence:
It is evident that past empirical studies of change have succeeded in demonstrating the 
occurrence of Ghange in buildings and in drawing attention to various issues relating to 
the types of organization and buildings examined.
Much emphasis has been given to examining the process of change in the organization, 
concentrating on maintaining an acceptable state of "fit". It was generally argued,
however, that the state of l it ” could be indicated in terms of the appropriateness of
units of accommodation to the organization housed in them (Nutt & Sears, 1972:13), which 
was also claimed to be the most determinate aspect affecting the operational efficiency of 
any organization in use (Cowan, 1963).
Three main conclusions could be drawn from these studies; firstly, that lack of 
resources demanded by organization would, inevitably, increase the level of "misfit”, or 
mismatch between organization and the building, towards increasing the degree of 
obsolescence in buildings. Secondly, and most importantly, that the resources demanded by 
any organization are more likely to be changed, as the organizations themselves are 
changed over time. ThWly, that the resources provided by the building may also change
due to deterioration of "fit" and "obsolescence" in the physical characteristics of
buildings during use.
However, the problem of obsolescence has dominated the thinking of many researchers and 
has received greater attention in past empirical studies of change. By definition, the 
term "obsolescence” denotes the process of becoming obsolete, and when it is used in 
buildings, it is centred on opinions concerning the degree of uselessness (Nutt & Sears, 
1972:13). Two types of obsolescence in buildings can be distinguished, related to the 
physical and the functional characteristics of buildings. Both were thought to be 
interrelated and develop as a building becomes unable to support effectively the
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activities and functions housed in ft (Cowan, 1963:54-55).
In essence, functional obsolescence may take place at the interface between buildings 
and the organization. It was ascribed to the ineffectiveness of the buildings and the 
spaces to provide resources different from those demanded by the organization and its 
activities (Nutt & Sears, 1972:12-13). It is the degree of misfit between these 
requirements and the availability of resources, which most likely and significantly 
contributes to the occurrence of those aspects of functional obsolescence.
Several implications about physical and functional obsolescence in buildings can be 
distinguished in past studies. In hospitals, for instance, Cowan and Nicholson (1964/65) 
recognized that the dependence on technical services is very high. They argued that the 
pattern of relationship between space and services distribution is the most significant 
aspect of the design problem, which may contribute to maintaining the suitability of 
functions.
Various types of obsolescence have been categorized by Turner (1967), in relation to 
certain building types which have high technical components. He attributed the state of 
obsolescence to the inability to respond to technical change. Within the context of 
housing, Turner has emphasized the problem of "transmitted obsolescence" in architectural 
systems, indicating that the obsolete aspects of the systems could affect the ability to 
function of the whole system.
Weeks (1969) has also distinguished the "transmitted" obsolescence, as a key factor in 
the design of teaching hospitals, suggesting a new approach to design and construction, as 
proposed in his "multi-strategy buiding” notion.
Such a distinction gave rise to many other design notions to be proposed in particular 
building types, such as "shell-scenery” in offices (Duffy & Worthington, 1972), and 
"long-life/loose-fit" in hospitals (Uewelyn-Davies, et al, 1973). The main intention was 
to accommodate change and to resolve the problems of "misfit" between the long life 
structure of the buildings, and the short life of the functions housed in them.
To summarize, previous studies of change in buildings have focused on some types of
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obsolescence which occur inevitably, irrespective of the organization housed in the 
buildings, such as physical obsolescence, or in relation to the organization and 
activities, such as the functional obsolescence. In both cases, the undesirable 
consequence of change were examined within the misfit between the organization and the 
building. Some emphasis was given to the adoption of highly technical components which 
were thought to be more conducive to physical and functional obsolescence. This was 
largely attributed to a higher rate of change and shorter lifespan of these elements, as 
compared to the fixed parts and structure of the buildings.
However, the issue of maintaining an acceptable level of "fit" between the organization 
and the building has echoed through most of the design approaches for flexibility in 
buildings which can be discussed as follows.
23 . The New Design Approaches for Flexibility in Buildings:
It is apparent that the changeability of the relationship between buildings and the 
type of organization housed in them provoked many questions and led to the shift in the 
desigin approaches. However, this shift could be attributed mainly to the inadequacy of 
the conventional design process and the inappropriateness of the design paradigm according 
to a predetermined briefing to cope with the unpredictability of user requirements.
Heaf (1976) has noted that one of the distinguishing characteristics of the 
functionalist tradition in twentieth-century architecture is the attempt to rationalize 
the design process by formulating a precise design statement of the functional 
requirements of spaces and then developing a solution which could specifically fit these 
requirements.
He argued that design for change and flexibility in buildings may require a unique 
design approach according to the particularity of building type and the complexity of 
organization housed in them. The first precept of such a unique approach is in Heaf’s 
terminology, "that the functional use of the building is indeterminate" and not 
susceptible to precise and static definition. What is implied by this is that one
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possible approach to the problem of change in buildings is to use a non-specific, 
indeterminate design approach (Weeks, 1969).
Parallel with Heat’s argument, Weeks (1969:536) stressed that "a design hypothesis is 
required which does not rely on an exact planning brief and does not result in a single 
strategy building, since exact briefs and single strategies are guarantors o f rapid 
obsolescence
On the other hand, Ader (1975:18-20) has pointed to the misconception that 
characterized the process of deduction adopted in the "analysis-synthesis-evaluation" 
model. He criticized this process on the basis that decisions at any briefing stage may 
necessitate an interactive backward/forward reference, as well as consideration of some of 
the other stages. In school buildings, he claimed that a new decision at the programming 
stage may necessitate backward and forward reference to previous decisions and some 
reconsideration of the policies and objectives.
From these studies it seems that the conventional design process is deficient in many 
respects. This can be attributed to the static view of a dynamic process and inadequacy 
to cope with the state of change in both foreseeable and unpredictable users requirements.
As a consequence of the many critiques and deficiencies, some alternative design 
processes were proposed, embodying the shift from identifying and designing for specific 
user requirements, towards more general requirements. Underlying these proposals is an 
explicit assumption that a building can be designed and altered to suit any unique 
requirements of its users at any particular point in time. More interactive and cyclic 
design methods have emerged accordingly, which suggest introducing a feedback loop in 
trying to simulate the highly complex holistic nature of most of the design activities 
(Zeisel, 1981). Some of these methods, however, were based on a "Popperian" notion; that 
design is a "conjecturing /refutation" process which has been extensively discussed in 
detail by Darke (1981), Brawne (1981) and Cross (1981).
The shift in the design process and the growing recognition about the complexity of 
design aspects gave rise to the emergence of new ideas for accommodating change in
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buildings in accordance with change in users' requirements, which will be summarized in 
the following section.
23.1. The Accommodation of Chance in Buildings;
Several design ideas to flexibility emerged for many building types, in relation to the 
"indeterminate" design (Heaf, 1976; Uewelyn-Davies, et al, 1973). The emergence of 
these ideas could largely be attributed to the inadequacy of the "one-off design notion 
resulting from the many criticisms set out in the last section.
Despite the diversity of ideas for accommodating change in buildings, they could be 
categorized into two main approaches; firstly, that which concerns those design decisions 
which maximize the potential for accommodating change in the organization and activfty 
types housed in a building in use, without recourse to adaptation, and secondly, that 
which concerns maximizing the potential of adaptation in some building elements to cater 
for change.
Many implications concerning the first approach can be seen in past studies. In these 
Studies it was thought that any organization has a rate of change, which makes the 
building decay and become obsolete over time (Cowan, 1963).
For instance, it was recognized that different types of organization housed in hospital 
departments varied in their need for change, and hence the disposition of plan elements, 
in terms of services and structure, could be effectively ordered and manipulated during 
design, without being adapted (Weeks, 1986:8).
The potential for accommodating change in these buiidings is also influenced by certain 
aspects, such as the degree of complexity of the organization, tm .it .is .housed -in,_the 
building and the degree of "looseness of fit" of such organization .
The degree of complexity, for instance, may suggest totally different design decisions 
to be taken to facilitate change. In connection with indeterminate design notion, 
Tatton-Brown (1986) argued that "the organization should never be housed in a fin ite  
symmetrical structure, but it should be a series o f ' loosely-knittedT independent
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structures each of separate rate o f growth in response to changing d e m a n d s Similarly, 
Weeks (1969) emphasized that an acceptable degree of "looseness of fit" between the 
activities and the building has to be maintained during use to cope with any demand for 
change.
Contrary to the above, many implications concerning the second approach could be
distinguished, mainly, the "permanent and adaptable" notion in housing (Habraken, 1976, 
Oxmon, 1978), and the "shell-scenery" notion in offices (Duffy & Worthington, 1972) both 
of which have been proposed in connection with the "indeterminate" design approach.
The former implies that the location of subdivision between dwelling units and
locations of partitioning within them are not predetermined by structural design, but are 
more independent and flexible in their location (Habraken, 1976). This is in line with 
Oxmon’s (1978) argument that the accommodation for adaptation in housing systems derives 
from the "dual structure" concept represented by the physical separation and relationship 
between the primary and the secondary structure of the building (Oxmon, 1978).
The latter notion included the same assumptions; that the building shell could be 
designed independently, without space partitioning, utilities subsystems and finishes, in 
order to provide options for change in the location of partitions and services 
distribution within the shell (Duffy, et al, 1976).
Even so, the advantages of adaptation suggested by the above notions could be 
criticized on the basis of higher initial cost and subsequent adaptation cost (cost-in-use 
of flexibility). In essence, higher initial expenditure on maximizing future adaptation 
is to pay in advance, which is not fully justifiable and wasteful of resources. This
mainly due to the difficulty of predicting adaptation. Despite that, such prediction
could be made for some services elements and installation which have higher rate of 
obsolescence.
This might give some clues about alternative ways of accommodating adaptation; that to 
defer any expenditure until adaptation is actually needed, particularly with respect to 
relocation and/or addition of partitions and utility services (OECD, 1976).
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Some attempts to reconcile the above two approaches can be recognized in past studies, 
particularly the "long-life/loose-fit" notion, which was proposed to increase the 
potential of buildings to accommodate both change and adaptation in use (Uewelyn-Davies, 
etal, 1973:12).
Three main assumptions underlying this notion have been proposed; 0 designing a
building to fit a particular organization and function, which could be converted for oew
uses, ii) that the designer will predict likely change and modify his design to 
accommodate them, and iii) creating a multi-functional building.
As an extension to the above assumptions, three main design variables were proposed; 
the over-provision of spaces, similarity of areas of rooms, and maximizing independence Qf 
building elements, i.e. permitting some parts of the buildings to be redesigned after 
initial construction (Llewelyn-Davies, etal, 1973:12).
It is evident that the first variable might determine how much redundancy should be 
built in to reduce the subsequent adaptation cost. It implies extending and providing a 
complete sen/ices/infrastructure network within the building, so that the possibility of 
future change may be maximized. Nonetheless, the provision of redundant spaces and 
"loose-fit" servicing system to increase functional flexibility might result in a higher 
initial cost. This cost would result from the generous provision of usable floor area in 
which, however, seems to be highly wasteful of resources and not justifiable.
The problems of initial cost and subsequent adaptation cost are equally Implied in the 
third variable. This implies increasing the degree of independence of some part of a 
building which may be designed after initial construction. In this case, "loose-fit" 
building are not designed once and then simply maintained, but instead they are regularly 
redesigned.
On the contrary, it seems that the second variable is highly beneficial, since it 
concerns the optimization and limitation of room size in the building, without necessarily 
implying higher initial cost, nor any subsequent adaptation cost. However, it seems that 
by maximizing the extent of similarity, new demands for change can be catered for without
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recourse to adaptation. Cowan (1963) argued that, by compromising the size of some rooms, 
the interchangeability of functions between rooms may be increased. Further discussion 
about the relevance of the variable of similarity of areas to flexibility will be made in 
the next chapter.
From the above, it appears that both design approaches have wider implications on 
different building types. Both of them included an explicit assumption about advocating 
certain design variables to facilitate change and/or adaptation in building use. However, 
there is a need to examine the implications of these variables on school designs in 
relation to the aspects of change in school buildings as follows.
2.4. Background Studies of Change in School Buildings:
Following from the above approaches, detailed examination of change in school buildings 
is needed. This can be tackled, within the context of the teaching and learning process, 
as a whole, in relation to the interaction between three aspects- teaching, organizational 
and social- and their impact on the design of school buildings. Though Though these 
aspects are in reality interwoven and merge into one another, there is a necessity for 
investigating them separately for the purpose of analysis, as follows:
2.4.1. The Change in CurriculumAreaching Methods:
By and large, previous studies revealed a considerable demand for change in the 
curriculum and teaching methods due to the accelerating rate of change and expansion in 
knowledge (Toffler, 1970; Beynon 1974). However, the change in teaching methods can be 
discussed in relation to change in the curriculum, as follows.
i) The change in the curriculum:
it is evident that changes in the curriculum encompass many related aspects, mainly, 
the type of activities and the interdependence of subjects, within the curriculum, which 
has many connections to the pedagogy and social organization of the schools, as shown in
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figure (2-1 a). In this respect, it was argued that "it took as its starting point the 
educational activities o f the staff and pupils and it was curriculum-led, and the 
curricular presupposition on which it was based, tended towards progressive and iitformal 
teaching method. The concept o f curriculum is particularly slippery, spreading rapidly 
into pedagogy and social relationships ” (Maclure, 1984). Both teaching and socializing 
are no longer carried out separately, but have become closer in their connection and have 
even overlapped.
Also, the definition of the subjects within the curriculum was broadened and changed, 
particularly in secondary schools, necessitating greater integration between the 
generalized and the specialized subjects.
Such integration has many significant implications on school design, as represented by 
the new models of comprehensive and multi-optional schools. Underlying these models was 
an explicit assumption about freedom of choice, which led to an orientation towards 
specialized activities, while the function of orientation led to different aspects of
knowledge, which are more favourable to multi-disciplinary activities. As a distinction,
Ader (1975) argued that the aim of orientation is to broaden the field of knowledge, as
opposed to the specialized work which aims to deepen the field of knowledge.
As shown in figure (2-2), various departmental or teaching centre structures emerged, 
which too had a contradictory design implications. These implications can be categorized 
into; firstly, specialized departments, which can primarily be foreseen in terms of 
adjacency of activities performed according to related subjects (e.g. craft, design and 
technology, etc.) supported by some ancillary services areas. Some of these activities 
can be housed in self-contained spaces according to their technical services level and 
activity requirements.
Secondly, mixed departments, resulting from the shift in the proximity and greater 
integration of subjects, expressed by the diversity of generalized and specialized 
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However, it seems that changes within the curriculum become more conducive to some 
teaching methods which are different from those adopted in the traditional school, 
and which need to be investigated.
0) The change in teaching methods:
Several changes in teaching methods can be distinguished, exemplified by a shift from 
textbook, study and cross-examination, towards more innovative methods. These changes 
have coincided with the new vision about school design, as expressed by Maclure (1984248) 
"the chalk and talk went with box-like classrooms focused on teacher's desk, raised on a 
dais". They can largely be attributed to; firstly, the recent developments in mode of 
teaching and the increasing need for new knowledge and new skills necessitating 
alternative methods of teachings from those adopted in the past (Hacker, 1971).
Secondly, the change in the role of the individual in the learning process as a whole. 
In this respect Pearson (1971:3-4) argued that, "pupils are no longer to be passive 
recipients within subject-oriented activities, but instead o f that they are becoming more 
active participants in multi-disciplinary activities". The previous design experience 
showed that the change in teaching methods is becoming far from uniform, represented, for 
instance, by a shift towards "project-work” and "discovery-methods" and many other similar 
trends. Meanwhile, the extension of the range of teaching aids, such as audiovisual aids, 
electronic aided-instructor and computers, has become integral to these ideas (Kurtz, 
1977:131). These were added to facilitate individualized learning and to extend the 
teaching resources required by the school, which became more conducive to flexible 
time-tabling, as illustrated in figure (2-3).
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In the light of these changes, the provision of flexible spatial organization is 
becoming highly desirable, as new options additional to those conventional forms emerged, 
in particular, the organization of leaming-resources within departments. These could be 
centralized at a number of points, which implies a considerable change in the sequence of 
performing activities from those in traditional schools.
The change in teaching methods, however, can be examined in relation to the misfit 
between the resources demanded by school organization and those which are actually 
provided by the school building.
2.4.2. The Change in the Organizational/Managerial Aspects;
Parallel with the change in teaching methods, the need for change in school buildings 
could be considered from the potential inherent in the organization itself, and how it is 
managed, in relation to the predominant educational model and teaching methods adopted.
Many questions were raised about the social role of the school as a means of developing 
the community (Faure, 1972:3-6), which gave rise to a greater integration and co-operation 
between school and community, necessitating new types of recreational and socio-cultural 
activities, different from those already accommodated in traditional school buildings 
(UIA, 1970,1976).
On the other hand, the demand for social activities within the school has greatly 
influenced the organization of learning groups represented, mainly, by "horizontal" and 
"vertical" groupings (Maclure, 1971). Various implications can be distinguished, where 
some schools were well-accustomed to systems of "pastoral” supervision based on "form" and 
"year group"- (horizontal groupings), while other "house communities" and "homes" were 
adopted in other schools, (vertical grouping) (Maclure, 1984250). A diversity of 
arrangements was also distinguished, where the social organization was based on the 
desirability to vary, not only teaching methods, but also the size of learning groups. In 
some schools the first two years and the sixth form were organised as a separate unit, in 
others, "year centres" were provided, or there was a complete stratification into "lower,
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middle, and upper” schools, as shown in figure (2-4). Each of these arrangements is more 
or less self-contained, i.e. "schools within schools" (Pearson, 1975).
The significance of the above changes emerges from the increasing demand for areas 
unknown to the traditional school and in the ways, these areas were dispersed in different 
teaching departments. These changes imply different managerial structures from those 
adopted in the traditional school, represented by new patterns of team-teaching, tutorial 
and pastoral care, suggesting other forms of cooperative activities and more flexible 
arrangements than those provided by traditional classrooms (Maclure, 1984).
Both users and instructors are becoming more involved as active participants in the 
early decision-making process and during the post-occupation stages. Specifically, the 
awareness of school users about the many possibilities offered by different facilities of 
their school influenced the management of the school, by close designer/user collaboration 
during use (Kurtz, 1977:131).
To sum up, the increasing demand for change in the teaching process can be seen in 
terms of interrelated teaching, social and organizational aspects. These changes have 
wider implications on the design of school buildings, suggesting more responsive design 
solutions to enhance the accommodation of change in use; by providing a variety of 
physical and spatial environments within various specialized or generalized departments. 
Spatial variety seems to be highly necessary, so that the form of teaching group can be 
varied according to the task and interrelations of activities and shared use, as opposed 
to spatial uniformity, which characterized traditional schools.
2,4.3. The Accommodation of Change in School Buildings:
The previous discussion indicates two main approaches to accommodating change in school 
buildings; firstly, maximizing the potential of change in the type of organization and 
teaching activities housed in school buildings without the need for adaptation, and 
secondly, facilitating adaptation in some services and constructional elements.
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The first approach revolves around promoting certain design characteristics and 
variables, which are synonymous with those implied by the ’ long-life/loose-fit" and
"multi-strategy building" notions, by maximizing the diversity of ways activities can be
allocated to the spaces of their accommodation such as; providing many teaching spaces of 
appropriate size, which are most likely for multipurpose spaces, and maximizing the extent 
of similarity of teaching areas as opposed to variety (Maver, 1979). Another unique
design variable is to provide a diversity of generalized areas, articulated— with
specialized ones (Oddie, 1974), as shown in figure (2-5).
The core argument justifying the adoption of the latter variable is that the programme 
of any particular school is in itself diverse and dynamic, where flexibility can be
promoted by providing a diversity of teaching spaces to cope with a wider range of
activities (OECD, 1976; EFL, 1967).
This is equally implied in the variable of over-provision of areas which can clearly be 
distinguished in many converted school buildings, following the introduction of 
comprehensive schools. By amalgamating teaching accommodation of two existing secondary 
schools, it is highly likely that many redundant spaces will be created (DES, 1968). Some 
of these spaces are relatively large to be used efficiently, as multi-use spaces to 
accommodate as many feasible activities as possible, or to cater for any temporal change 
in activities during use.
Regarding the second approach, many design variables relevant to the ease of adaptation 
in school buildings can be envisaged. A few main interrelated variables can be 
distinguished, for instance, maximizing the degree of independence of some building 
elements, according to the likelihood of change and the frequency of change (Ehrenkrantz, 
1970, 1971; Killeen, 1968), zoning of specialized teaching areas in separate units of 
accommodation (DES, 1973; Lenssen, 1973), zoning of fixed parts of the building and 
services areas away from the main teaching area (Phillips, 1974) and 
uniformity and concentration of structure (Oddie, 1975; OECD, 1976; Russell, 1984).
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The first variable suggests that some building parts, such as internal partitioning and 
services elements, could possibly be redesigned during use. Such a possibility can be 
foreseen in line with indeterminacy of school building functioning, through their daily 
operation and the immediate change of activities. The variable of independence, however, 
includes a further assumption about adopting a large span structure and a system of 
movable partitions that could be easily dismantled with an optimal level of both time and 
efficiency, to facilitate internal changes (Russell, 1981, 1984; AIA Journal, 1979, 
4:52-57).
Similarly, the other variables can primarily be seen as more conducive to adaptation 
when the need for change arises, underlying an assumption about minimizing the level of 
interference between teaching areas and the fixed parts of the building, with less 
physical obstruction.
Clearly, both approaches for accommodating change in school buildings concern 
maintaining an appropriate level of fitness between activity and teaching space, which is 
based on very little information about the individual activities or spaces. Also, it
seems that flexibility is inherent in controlling the relationship between activities and 
spaces on one hand, and on the other between orgainsational and physical building aspects.
The necessity for flexibility as a desirable attribute in school buildings, emerged
from the change in the requirements demanded by school organization and lack of resources
provided by school buildings. In the following sections, an attempt will be made to
define flexible school designs and further discussion about the most influential variables 
will be made.
2.5. Flexible School Designs:
So far, some ideas about the ways of accommodation change and flexibility in school 
buildings have been explored and refined. However, there is a need to arrive at an 
operational definition and categorization of flexible school designs according to some 
criteria, which can be discussed as follows.
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2.5.1. Criteria for Categorization:
Many problems in relation to establishing appropriate criteria for categorization were 
distinguished in past studies of flexibility (Fawcett, 1978; Moharram, 1980; Al-Nijaidi, 
1985).
An attempt was made to arrive at a classification of a flexible school design based on 
an empirical analysis of existing school buildings, and a few main problems were revealed; 
first of all, there is no means of ascertaining that the study sample, no matter how 
comprehensive, would cover all of the theoretical possibilities of school building design. 
Secondly, the analysis of many aspects that affect school design proved to be extremely 
complex, and hence, may suggest adopting a method which permits the breakdown of the 
design problem of schools into its constituent design variables and characteristics.
Though this method of analysis has some advantages, in that it enables the 
identification of theoretically feasible design characteristics and variables, which have 
not yet been incorporated in existing school designs, it does suffer from many problems. 
These concern the overlap between different design, organizational and constructional 
aspects of school building enduring change and adaptation. Specifically, it considers 
school buildings from the very static view point of identification of the building system; 
that could be seen as an assembly of subsystems. Though such a distinction is practically 
feasible for the purpose of production, assembly and biddings, these subsystems can only 
be seen as integrated and cant be isolated from each other. Nevertheless, this method of 
analysis may enable some sort of distinction to be made between different building 
elements according to the ease of change and the frequency with which it may occur, which 
can be considered, to a certain extent, useful.
Such a distinction could be represented in terms of these elements that are highly 
unlikely to endure change, such as structural elements and those that are most likely to 
be susceptible to frequent change, such as internal partitions, content, cabinets and 
furniture elements.
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Other criteria for classification were proposed and discussed extensively in earlier 
studies and the problems concerning each criteria were identified. These can be 
summarized into; i) the types of change, and ii) the ways of accommodating change.
The problems underlying the first criterion concerned the overlap between types of 
change which necessitate adaptation with those which may not necessitate any adaptation, 
and inconsistency of the criteria of categorization adopted in the previous studies of 
flexible designs (Ai-Nijaidi, 1985). Hence, it can not be considered fully reliable as a 
basis for categorizing flexible design. On the the contrary, it seems that the second 
criterion is less problematic and more reliable for categorizing flexible design, compared 
to the former criteria. The arguments supporting this criterion were put forward and 
implied a clear distinction between different flexible school designs. These could be 
achieved either with, or without, the use of adaptation. When no physical change 
whatsoever occurs, it implies that different types of change in the organization and 
activities can be adequately accommodated during use, without recourse to building 
adaptation.
On the other hand, change with adaptation might necessitate further intervention and 
manipulation of the physical building elements to cater for change in both organization 
and activities. This implies a considerable change in the building characteristics from 
those already defined at the early design stage.
By deduction, it can be argued that flexible school designs describe those designs 
where some operational measures were taken to increase their potential with respect to 
either change or adaptation and/or both, in order to achieve an optimum degree of fit 
between both organizational/activities and their units of accommodation.
2£ 2 . The Design Variables:
Several interrelated design variables related to both ways of accommodating change have 
been identified earlier (see p. 34). Other school design characteristics can be 
distinguished, such as the plan form, pattern of internal circulation, the location of the
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plan in the building and level of integration and continufty of teaching department with 
the school These characteristics are interrelated and inseparable, and hence, it is 
hardly feasible that any of these variables can be investigated, to the exclusion of 
others. Also, they are most relevant to both change and ease of adaptation of school
buildings.
However, this study will concentrate on only a few selected variables related to ease 
of adaptation in school buildings, rather than all variables. The reasons are; firstly, 
limitation of time and resources to investigate ail variables in this study, and secondly, 
these variables were differently advocated in the construction of schools, for which this 
study seeks answers to assess and compare their influence in terms of flexibility in use.
D-Plan Form:
It has been generally agreed that school plan forms are highly affected by types and 
patterns of teaching activities. Also, it is increasingly recognized that most of the 
traditional plans are characterized by very simple and finite geometrical forms, 
attributed to a greater uniformity and repetition of activities (OECD, 1976:91). In this 
case, plan forms can be described by a string of uniform classrooms connected by 
corridors, where the overall dimension of the building is a multiple of the classroom.
As teaching activities are becoming increasingly diverse, the physical accommodation, 
too, is becoming more diverse, characterized by an irregular plan form. Such expression 
of irregularity of plan form with indented perimeter, has became the common design 
characteristic of many postwar schools, particularly, those designed in the early sixties 
(Oddie, 1975:31), as shown in figure (2-6).
Two main specific criteria of irregular plan forms can be identified: Firstly,
providing a rich variety of teaching environment, and secondly, shaping the building so
that it differentiates and shelters outdoor teaching spaces. Nevertheless, other ways of 
providing environmental variety and sheltered outdoor space can be seen in the deep plan 
with varying degrees of mechanical ventilation.
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Figure (2 -6 ) : Comparison between different plan formtof school buldings
As shown in figure (2-6), many alternative plan forms have been proposed according to 
the above criteria. Among these alternatives, two main generic plan forms can be 
depicted; i) separate blocks of accommodation of a relatively small size and ii) 
comparatively larger blocks to accommodate a diversity of generalized and specialized
teaching areas which are usually deep plan.
Both generic forms have advantages and shortcomings in relation to flexibility, but 
much emphasis has been given to the latter in enhancing flexibility. This is mainly due 
to a broad range of teaching areas and variety of activities which can be accommodated in 
a larger blocks. Such variety was thought to be necessary to enable a wider range of 
learning choices to be provided, as well as to permit day-to-day changes in teaching 
activities, as opposed to the former, which was thought to restrict these possibilities 
(Oddie, 1974:112-126).
Despite greater variety, the issue of creating larger blocks was found to be 
problematic in many respects and criticized on the basis of creating many environmental 
problems related to ventilation, visual and acoustic performance. These problems, were 
thought to be considerably reduced in the smaller teaching units of accommodation 
(Karfikova, 1974:127-137).
As an extension to the above, a descriptive comparison between the deep large plan
characterizing new schools and the small shallow traditional plan could be made. The most
significant feature characterizing the latter is the adoption of a predetermined 
circulation pattern; single or double-loaded corridors, or a combination of both,
resulting in different plan configurations, such as "quadrangular plan", and "finger plan" 
(DES & Welsh Office, 1980), as shown in figure (2-7). Other design characteristics, such 
as a longer length to width proportion and uniformity of spatial layout, were recognized, 
resulting from repetitive classroom units.
On the contrary, deep plan forms can generally be described by similar length to width 
proportions and a random pattern of circulation which is most frequently amalgamated with
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teaching areas, in an open or semi-open patterns, creating a variety of spatial layouts. 
Both new and traditional plan forms are different with respect to most of the activity 
characteristics, particularly with respect to the issue of diversity of teaching 
accommodation and time-tabling.
Specifically, lack of diversity was attributed to the formality of teaching activities 
and the dimensional confinements due to a very coarse grain patterns adopted in the 
traditional schools (Oddie, 1974). Despite considerably higher design standards in terms 
of area allocation per pupil, there is a general recognition that classrooms are 
inappropriate to match the diversity of teaching requirements (Oddie, 1975; DES & Welsh 
office, 1980:112-116). Most of the traditional layouts are characterized by higher 
redundancy of circulation and services areas, which seems to be wasteful of resources. 
Meanwhile, the obstruction resulting from the method of construction was claimed to 
prohibit adaptation in teaching areas, when it was needed (Pearson, 1975:24-32).
The main criticism of the new deep plans concerns the issue of accommodating a large 
number of pupils working at the same time and their disposition in the plan. Other 
problems concerning the disruption of circulation and longer journey from one area to 
another can also be distinguished.
Such problems may suggest reducing the depth of the plan to cater for smaller numbers 
and to minimize such disruption, and hence, by creating shorter journeys more adjacency of 
areas could be advocated.
However, these considerations about depth of the plan must be questioned in relation to 
the diversity of teaching accommodation provided. This is largely due to the recognition 
that too small dimensions would not give sufficient diversity of accommodation, whereas 
too large dimensions may lead to minimizing the extent of flexibility (OECD, 1976).
Lack of diversity of smaller blocks of accommodation can be attributed to a lower range 
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By adopting larger dimensions, it is apparent that the disruption resulting the random
and relatively longer journeys, may minimize the variations in activities. In other
words, the range of activities in, or associated with, any items of accommodation in such 
larger blocks may reduce the extent of variations, due to longer journeys from the basic 
to the committed wodcplaces within the teaching block.
In reality, it is the degree of proximity of teaching spaces, in relation to randomness 
of circulation, which maximizes flexibility, rather than those advocated by larger
dimensions. However, neither an objective indication has been found until now, to verify 
the above claims, nor any suggestions about the most appropriate plan form and dimensions. 
Further detailed examination of the above claims in relation to both traditional and new 
school plan forms will be made in the empirical study.
ii) Zoning of Specialized Teaching Areas versus Articulation of Areas:
From the literature, both zoning and the articulation teaching areas can be 
distinguished as two variables of school design, which describe parts of school buildings 
to a particular criterion that is characteristic of the activities housed in these
building. However, the first variable can be considered to be synonymous with the 
previously mentioned notion of zoning of "specialized" and "generalized" function, 
underlying an implicit assumption about promoting flexibility.
In this respect, it is evident that school buildings are characterized by a relatively 
complex organization, encompassing a broad range of activities and a relatively large 
number of spaces. It is also evident that these spaces can be categorized into a few main
types according to specific criteria, such as the degree of specialization of activities
and the level of services of activities.
However, if these spaces are ordered or grouped together in a certain area in the 
building, according to the characteristics of activities they house, in relation to their
degree of specialization, or the likelihood to change, a number of benefits with respect
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to economies in both construction and operation could be attained. Also, such ordering 
may imply that services installation, external access and environmental provisions, would 
all have rational groupings, which might facilitate their future flexibility (Aylward, 
1979; Phillips, 1974:14).
As an extension of the above, some criteria for categorizing teaching areas are needed. 
By and large, such criteria can be established according to the characteristics of 
activities, inter alia, the type and nature of activity in relation to the level of 
technical and environmental provisions. These criteria were extensively discussed and 
advocated in past school design studies, on the basis of objectivity and reliability of 
describing activities according to their technical and spatial requirements (DES, 1973, 
1975) which may make I  the most adequate for categorization so far. Four main categories 
of activities could be distinguished accordingly; the theoretical, light-practical, 
heavy-practical and the movement/ physical education (OECD, 197698).
Other, alternative criteria could be envisaged in relation to some detailed 
requirements of activity, such as the acoustic and visual requirements of activity, or 
technical, such as the ‘wet’ and ’dry’ services areas, but these criteria are not commonly 
used in literature and will not be considered in this study.
Several common impfications of zoning of specialized areas can be found in traditional 
schools, as shown in figure (2-8). These are exemplified, for instance, by zoning of all 
the craft, design and technology areas in separate teaching blocks, away from generalized 
areas. However, it is worthwhile to mentioning that such provision for change has not 
been considered in this cases, nor has any assumption about promoting flexibility been 
spelt out explicitly. The decision for zoning was only to facilitate servicing of 
particular types of spaces according to their technical requirements.
Nevertheless, such a decision is highly beneficial since it implies a further 
assumption about segregating teaching spaces which are more likely to be susceptible to 
frequent change, from those whose requirements are less likely to change. Thus, future 
change and adaptation could be enhanced.
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In a broader sense, by zoning areas of relatively similar rate of change, some benefits 
can be achieved, represented by reducing the disruption to other spaces within the layout 
of a building and facilitating their future change or adaptation. Meanwhile, the 
consequences of such change is most likely to be very marginal and minor in its extent 
(OECD, 1976:87-88). Some disadvantages of zoning can be envisaged, particularly, those 
which might emerge, once there is a demand for change in the interrelationship between 
activities.
Within the context of zoning, and to minimize interference, it would be beneficial that 
some permanent areas of school buildings be concentrated with the circulation routes, such 
as the stairs, services areas, main vertical runs and shafts.
The coincidence of these parts with structural elements may create some conflict, in 
that it makes sense in zoning terms, but increases system dependence. At first glance, it 
is seems that the integration of services with structural elements is highly dubious and 
problematic, since these elements are varied in their probability and rate of change, 
which may suggest greater independence. Lapthome (1973) found that 54% of industrialized 
building systems were structurally integrated in such a fashion, criticizing such 
integration on the basis that service elements could not subsequently be altered or 
renewed, without extensive modification of the building fabric.
Despite such conflict, it seems that higher integration between these part may yield 
some advantages, in that it minimizes the physical obstructions to other general-purpose 
areas, maximizing their degree of adaptation. In other words, by zoning these areas in 
separate blocks within the buildings, away from the main general teaching areas, the 
degree of interference with the internal layout would be minimized, when the need for 
change arises.
Contrary to the variable of zoning of areas, there seems to be a growing recognition 
that more integration and articulation of teaching areas is needed to enhance the 
accommodation of change. The desirability for greater articulation between teaching 
areas, however, has become the most predominant design variable characterizing many
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newly-built schools, as shown in figures (2-5).
Underlying the design of these schools is an explicit assumption concerning a higher 
proximity of spaces in such a way as to eliminate, almost totally, the specific and
exclusive function of circulation over an important part of a building; to maintain a
higher degree of control between different types of workplaces which could be used 
alternatively (OECD, i 976:87-88).
It seems that proximity is conducive to a variety of activities, which could be easily 
performed within the teaching department, which implies ease of accessibility from the 
basic workplaces to learning resources. In doing so, one should be certain that random 
movement between basic and committed workplaces areas does not disturb others, who are 
pursuing similar activities in the teaching block. Other disadvantages can be discerned 
concerning the difficulty of subsequent adaptation in services installations and equipment 
which may be fairly distributed throughout the building (Phillips, 1974).
In short, conflicting claims about promoting flexibility with respect to two variables 
of school design layouts were recognized in previous studies. The commonly held belief 
was that flexibility can be optimized by zoning of spaces of similar functional and 
environmental qualities. The rival claim that optimizing flexibility is highly dependent 
on the provision of generalized teaching spaces articulated by specialized ones. Further 
examination of the above claims will be made in the empirical studies.
iii) Independence of Building Elements;
Much emphasis has been given in past studies of flexibility to this variable as the 
most influential in facilitating change and subsequent adaptation in building in use. 
Broadly speaking, this variable is synonymous with the dual structure notion concerning 
the "permanent and adaptable" zones notions, as proposed by Habraken (1976) and the "main" 
and the "temporary" and "infill" structure notion by Dulhosch (1975), both which were
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Also, it has some connection to the building shell "strategy" and the design "tactics” 
notion which has been proposed in laboratories (LIU, 1969:12-15), including an implicit 
assumption about those particular design layouts which could be provided to meet different 
user requirements.
However, these layouts could be reorganized, from time to time, into areas allotted to 
particular users, which could be serviced and fitted out to meet their particular 
requirements, as they arise. In providing for flexibility, two main design tactics 
related to the ease of adaptation were proposed; i) the ease by which it is possible to 
move partitions, usually by making them nonload-bearing, and ii) by designing a structure 
that is independent of partitions in a way which permits alternative layout of partitions.
Though the elements distinguished in these design notions largely resemble independence 
between building elements, they do not always coincide fully with the theoretical 
categorization of building properties. The main assumption underlying all these notions 
is that a reasonably identified variable exists. Ehrenkrantz (1970) has conceptualized 
some of these notions, in order to provide the required degree of variety and to modify 
the spatial subdivision of these buildings, as the need arises.
His assumption, centred on two main points; firstly, that the spatial organization, 
structure and services are of a general pattern, not derived from one specific plan, but 
are more conducive to a variety of possible subdivisions, and secondly, that partitions 
and services elements are more susceptible to change and adaptation during the life span 
of the building. However, from the susceptibility to change it is immediately apparent 
that such shortlived elements should not be integrated with the main permanent structural 
elements (Ehrenkrantz, 1970:56-59). It is also apparent that as these elements are more 
likely to be subjected to adaptation, they can be seen as very beneficial to any 
organizational and activity changes, which may occur during use.
In this case, organizational changes are independent of building size and space 
configurations, as expressed by building structure, meanwhile locations of internal
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partitioning and services are controlled by user intervention, which has become the main 
functional theme of flexible school systems (Ehrenkrantz, 1971).
Despite the many advantages, some design problems could be distinguished, for instance, 
the undesirable consequences resulting from changing circulation patterns, which might 
inevitably affect the number of different types of spaces which can be created by the 
movement of partitions. Also, the limitation in the size of learning groups, which may 
militate against any association or interplay which may occur (OECD, 1973:67). Even if 
the relocation, or removal of partitions is practically possible, inserting partitions may 
largely depend on the size and area of the space. This problem, however, was thought to 
be only a minor inhibition, when it was compared to change in educational methods or 
introduction of new activities (Oddie, 1975). Other specific problems of adaptation can 
be identified:
i) Waste of resources, owing to a higher initial cost of providing for adaptability and 
the subsequent adaptation cost, particularly when the need to create relatively long 
spans, which also revealed to be expensive (OECD, 1976).
ii) Following from the first, and giving rise to a further problem, the search for 
adaptability in room shape and size, may influence the environmental performance of school 
buiilding. as a whole: particularly, the undesirable consequences concerning the 
uniformity of some characteristic of the environment (i.e. heating and ventilation).
iii) The problems of adaptation of service installations, in relation to their location 
and fixing, which may affect the ability to accommodate change. Lack of necessary 
services, or inappropriate location of their provision, without regarding future demand 
for adaptation, could make a school building unresponsive to educational change, other 
than at unreasonable or prohibitive cost (Phillips, 1974:13). On the other hand, highly 
sophisticated technology for these services could lead to unreasonable costs, but this 
time the initial cost, rather than subsequent costs of adaptation (OECD, 1976.*98-99).
To summarize, independence of building elements was recognized, in past studies, as an 
important variable of the design layout, which has many implications for the ease of
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adaptation in school buildings, it underlies an explicit assumption about the ease of 
adaptation in particular building elements, particularly, partitions and services in 
relation to the main structure. These elements were also identified as having varying 
degrees of physical lifespan and are of a different rate of obsolescence. Further 
empirical examination is needed to verify these claims.
2.6. Flexibility of School Pesigns-Summary;
The aim of this chapter was to investigate the phenomenon of change in buildings 
concentrating on school buildings. The investigation sought to identify the underlying 
aspects that accounted for the occurrence of this phenomenon, which included teaching, 
organizational and managerial aspects.
In depth investigation was undertaken to define flexible school designs depending on 
both ways of accommodating change. These have been defined as those designs where some 
decisions were made to increase their potential to accommodate change and/or adaptation in 
use. Many design variables relevant to change and adaptation in school buildings were 
identified, which, however, have common implications in other building types. They exist 
in every building including school buildings, but they vary in their extent according to 
the type of organization housed in them.
The predominant design variables to increase the potential for change in school 
buildings included; articulation of teaching areas, versatility and multi-use of teaching 
space, similarity, and over-provision of areas. Other main design variables to increase 
ease of adaptation in school buildings were also identified, which included, zoning versus 
articulation of teaching areas, independence of school building elements and uniformity 
and concentration of structure.
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CHAPTER m  
THE FLEXIBILITY OF SCHOOL DESIGNS 
AND MODULARITY NOTION
3J«JntrodiKtfQP.;
Following from the research problem, this chapter investigates flexibility of school 
designs and the notion of modularity in an endeavour to identify the main design variables 
relevant to their flexibility.
The investigation in this chapter falls into two parts; the first includes a survey of 
some technical implications related to M.CVmodularity. This brief survey establishes a 
theoretical context within which flexibility of school building systems can be examined. 
The second examines modularity as incorporated in school designs. Only two design 
variables relating to modularity will be refined and identified, and their operational 
definitions and measures will be developed-the first objective of this study. These 
measures will be applied to enable the extent of incorporation of these variables in 
different school design layouts, to be assessed and compared as will be examined in 
chapter (IV).
3.2. The Modularity Notion versus M.C.:
It was increasingly recognized from literature, that modularity, as applied to 
buildings, is a multi-faceted notion, encompassing different concepts, such as 
standardization, proportion, repetition, etc. Also it encapsulates many other attributes 
or facets, such as variety, similarity, plug-in, fixity and additivity, which have 
different implications on building design and construction (Aylward, etal, 1974:74).
From past studies, modularity has often been mentioned in relation to M.C.. Both 
underlying a basic assumption about dimensions and size of components, which could be 
assembled to create a variety of bigger units.
Meanwhile, it seems that some of the underlying attributes of modularity actually
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overlapped, notably, the attributes of additivity, variety and similarity, which have 
scarcely been used in exclusion of one another. Thus, for the purpose of discussion, 
their implications in buildings will be dealt with together. But first, some 
clarification is needed to distinguish between these attributes and M.C..
In the literature, both modularity and M.C. have been used interchangeably in relation 
to the development of industrialized building systems 13S., but there is a real 
misconception in using both terms that way, since they have a different meaning, though 
they may have some connections, which could be recognized at the detailed level of 
buildings. As a general distinction, it is evident that M.C., as a set of dimensional 
rules, has significant implications on the rationalization, prefabrication and 
standardization of building components in 13.S. (DES, 1976:1-3), but it is obvious that 
M.C. was also deployed in traditional building methods for some time prior to the 
introduction of I.S3., but to a lesser degree and on a very limited scale (Blach, 1974).
On the other hand, modularity as applied to building design refers implicitly to those 
design attributes resulting from adopting M.C.. In past studies, modularity of design was 
mentioned in relation to a duality of attributes, for instance, variety versus similarity, 
or fixity versus fluidity and in relation to particular design aspects, i.e. building 
form, contents, spatial and constructional characteristics.
When the term modularity is used in relation to the phenomenon of variety/similarity of 
space or structure, it describes the characteristics of the design layout and the quality 
of such pattern resulting from such similar, or dissimilar space or structural qualities, 
expressed by their size and dimensions. Nevertheless, modularity in that context, seems 
to be paradoxical in its meaning, since it describes the degree of repetition which is 
opposite to variety, which describes the degree of variation.
However, much emphasis has been given in past studies to modularity in the sense of 
describing the degree of repetition, rather than variation. Aylward (1974) argued that 
modularity invariably imposed some regular order, not in the classical sense of correct 
proportion, but in the more obvious sense of repetition and standardization.
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It seems that, whfle modularity denotes the characteristics of the design, it differs 
in its meaning when modularity is mentioned in relation to the phenomenon of additivity of 
space or structure, since the latter describes the capacity of adding these elements in 
some regular way into a matrix of the spatial or structural grid in a building, whenever 
required (Aylward, 1974:76). However, in both phenomena, the coercive nature of the 
modular grid could be replaced by similar or dissimilar space/structural elements or by 
adding these elements, when needed.
Thus, it appears that modularity has different definitions according to the phenomenon 
investigated, as opposed to M.C., which refers to sets of dimensional rules to facilitate 
the organization of different building elements, in terms of their size, location and 
relation to the whole spatial system (Ehrenkrantz, 1967:13-15; Blach & Harrison, 1975).
The essence of M.C., as applied to building design, is more or less a regulatory 
aspect, or a dimensional framework, which has a fixed meaning only, in relation to a 
single imaginary grid, whereby components could be replaced and assembled in a variety of 
ways and interchangeably within the spatial system of the building (DES, 1968).
The issue of M.C., as related to interchangeability of components is revealed to be 
very controversial. Specifically, there seems to be a growing recognition that 
interchangeability, as related to variety of assembly, may affect the degree of 
flexibility of building in use, which in turn necessitates further discussion.
3»2.1. loterchaDgeabflitv and Modularity:
Most of the previous studies emphasized the necessity of designing to modular 
standards, concentrating on the notions of compatibility, interface and interchangeability 
of subsystems and components. However, these notions seem to be interrelated in certain 
aspects, but some distinctions could be drawn between them.
By and large, interchangeability was defined as "the diversity o f assembly o f building 
components, that makes a ll parts f i t  together in different ways", as compared to 
compatibility, which referred to "the state o f functional, economical and aesthetic
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coordination between two or more subsystems or components" (Ehrenkrantz, 1967), which 
makes it synonymous with interchangeabiiity of components (Good, 1982:12). On the other 
hand, interface refers to ma common boundary between two systems or components, or a 
boundary detail designed to maintain a specified relationship between adjacent systems or 
components" (DES, 1968), which has a more technical connotation, since it describes the 
jointing system, compared to the former which describes the potential or the capacity, for 
change in components.
Alexander (1968:325) emphasized the importance of the notion of interchangeabiiity as 
the basis behind the flexible modular component, represented by a choice of pre-selected 
range of parts which can be put together in different ways, which makes it analogous to 
the idea behind the "variety of extras” provided for by automobiles (Lapthome, 1973:16).
Similarly, Dulhosch (1975) noted that both compatibility and interchangeabiiity are 
synonymous. He argued that both are the major reasons for adopting modular systems, but 
he considered that both could be achieved by other means rather than by adopting a modular 
grid.
From the above, it seems that interchangeabiiity concerns two main aspects; 0 the 
choice of appropriate size ranges of components from the point of view of economy, and ii) 
to make parts and components fit interchangeably.
Both aspects are mutually related and have received much attention in many studies 
other than building technology, following the introduction of the mass-production concept 
in industry.
The past experience of engineering indicates that the economic size range of components 
is of secondary importance to the interchangeabiiity problem, i.e. whether mass-produced 
components fit each other or not (Boice, 1973:13-14).
Many indications from engineering history show that design for interchangeabiiity does 
not necessarily require any particular dimensional discipline, or any restricted modular 
order (Schmidt & Testa, 1969). These indications focused on the notion that it is not 
essential to achieve a standard range of sizes, however desirable this may be, and that
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interchangeabiiity has been achieved without adopting modules, or modular dimensions 
(Boice, 1973). On the other hand, the overall form of the product can be determined even 
without adopting a modular grid, but modular grids add to their actual dimensions 
tolerance, which may advocate extra variation, by setting out the grid and then expecting 
components to fit (Croker & Diprose, 1963; Eden, 1969).
On the contrary, varying degrees of emphasis have been given, in building technology 
the standardization of components according to a strict dimensional rules, in order to 
maximize their interchangeabiiity. However, there is a need to examine these issues in 
relation to flexibility of building system as follows.
3.2.2. Interchangeabiiity and Flexibility of Building Systems:
Major emphasis has been given in past studies to examining the relevance of 
interchangeabiiity of building components to flexibility. However, the scope of these 
studies centred on two main points; firstly, the variety of assembly of components, and 
secondly, the ease of replacing and changing these components, which has some influence on 
the ease of adaptation in buildings in use (Phillips, 1974).
Regarding the first point, it was postulated that the availability of a wider range of 
components may affect the degree of interchangeabiiity of components (Oddie, 1975:13). 
This postulation, however, presupposes that by providing a wider range of components based 
on smaller preferred modules, variety of assemblies may be maximized. Alternatively, it 
it suggests that by creating as many components as possible, of different size, the degree 
of interchangeabiiity may be increased towards maximizing the design options.
The above postulation has been greatly supported in past studies of building systems. 
Alexander (1968) argued that the smaller the size of components, the higher the variety of 
assembly, whereas the larger the size, the lower is the variety of assembly. Such an 
assumption supports Aylward’s argument that by maximizing the number of variant per 
component, the fit of parts to the whole in different ways may contribute to the systems' 
usefulness (Aylward, etal, 1974:78).
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Referring to the second point and to maximize adaptation, It was thought that allowance 
should be made for the components to be changed over time, based on the assumption that 
some building components of a short lifespan are more iikely to be changed than others. 
(Turner, 1967340; Oddie, 1975:13). To facilitate adaptation, some suggestions have been 
pointed out:
i) Each component must not only be effective in its own particular function, but it 
must also fit or interface with other standard components, so that it can be replaced 
whenever demanded (Phillips, 1974:12). This, however, implies that each component must be 
mutually compatible with others, although in some cases the interfacing can be made easier 
by interposing special nonstandard components between the standard ones (DES, 1968:9-10).
ii) As building systems demand the use of repetitive and standardized components, it 
was assumed that the relationship by which they may interface with each other has to be 
both standardized and modular (Phillips, 1974).
Nevertheless, it has not yet been empirically confirmed whether interchangeabiiity has 
any relevance to ease of adaptation in buildings and whether that affects the variety of 
assembly.
An attempt has been made to examine the above claims in relation to different i.S£.S.. 
A modular grid of 3‘4” (1.02 m), was adopted in the early version of the CLASP system 
(Consortium of Local Authorities Special Programme) (Bells, 1967).
It was initially thought that such a module might minimize the number of components 
needed, and simplify the external envelope (Russell, 1981), resulting in some savings 
which could be put into longer spans and creating a large uninterrupted flexible floor 
space as shown in figure (3-1). Nonetheless, the adoption of this module was revealed to 
be problematic in creating a series of restricted component ranges and was criticised due 
to the many design constraints resulting from their assembly (Russell, 1981:515).
The main criticism focused on the inadequacy of component size to provide a variety of 
assembly. Though the above module is more likely to be suitable for the sizing of 
non-structural components, such as windows, external cladding, etc, lack of variety of
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component size may minimize the number of design options, which could often be seen in 
oversized or undersized spaces (Russell, 1981). These problems have pointed to an 
alternative planning grid, as an increment of 1’0” (305 mm). This module was adopted in 
other school building systems, such as METHOD and the new versions of the CLASP system 
{MARK 4 and5).
The main assumptions justifying the latter module concern the higher variety of size of 
space that could be achieved and more design options resulting from a wider ranges of 
interchangeable components. However, it did not seem to be thoroughly understood that a 
grid used for planning must relate to component sizing, but it does not necessarily need 
to be bound by that size.
In the MACE system (Metropolitan Architectural Consortium for Education), the need for 
flexibility has been placed above all dimensional rigour, facilitated by the adoption of a 
standard joint system with a standard end profile.
In essence, the adoption of such a joint system may reduce the range of size of 
components required, where a higher degree of interchangeabiiity of components can be 
achieved by allowing junctions to be dismantled and re-erected, as shown in figure (3-2). 
Thus, the variant required in any range for both internal and external walls could be 
reduced to only a few standardized components (Killeen, 1968), which were based on a 
modular grid of 1000 mm superimposed on a tartan grid of 900 mm.
The principles for interchangeabiiity, as proposed in the above system, have a direct 
connection with a view held about flexibility that " if  a building was to be responsive to 
change over short or long term, the components should be capable o f being individually 
dismantled and repositioned with ease" (Killen, 1968). Nevertheless, the issues of 
sophistication, complexity and cost as proposed by this system, caused its own problems 
which have to be resolved through practice.
-58-
CLASP MK3
Russell ,1981, p. 395
ciggjggmuw
Ground R. plan;
Maclure, 19(H, p. 212
Tuxford Comp, school
Figure (3-1): structural implications of CLASP system (MARK 3)
Hillsdale High School, San 
Cal, USA. John Lyon Retd, 
Pan plan. An early example of 
loft' plan school using a deep 
rooflights, and moveable office 
jtonmg to offer a flexible interior
»





iLEJlI M m  n  ^  n  n  , ,  . .  M t '  V .  _
, u 14U u t< u It u It li C I] Cl □
-  c\c»li r.
!TTTi::!mT11 zz [ i  :i
”  r o l r i l n  n  r i“  u  Li
School C tM D w a  S ruam  
Dm lepettW  (SCSD) Ean D 
E lra k n a o .  proxci ci ■ honor 
Froicei coniMnred l« t l .  fm i urhooi 
ta in t  tht trw tm . Fo u iim  tmilcv, 
op tn n j is m  The a i H c i n l  
pcrtpcctm ibov io f ihr m u  nib- 
ir tiem i *h*ch b r a n t  • powerful 
modtl foe Bony other t r h t m i
RusseK 1981, p. 535
FI Plan 
:SD system
Greater spatial flexibility by adopting various types of 
fixed A demountable pcrtitions disposed at 5 '(t52m ) 
EFL1967, P. 8Q____________________________
MACE system
Figure (3 — 2) : Increasing interchangeabiiity of components by adopting 
a standard jointing system
Padovan (1974) argued against the adoption of standardized jointing and he assumed that 
a more truly flexible solution would have been to accept nonstandard junctions as a 
general rule, as Hausermann did in the SCSD system (School Construction Systems 
Development).
In this system, it was anticipated that rearrangement of internal layout would enhance 
the extent of variety, which could be achieved by adopting various types of fixed and 
demountable components of 100 mm thickness. As illustrated in figure (3-2), these 
components could be moved to new locations at 5’ (1.52 m) planning modules with minimal 
reworking of the partitions themselves, or the structural components to which they 
attached (EFL, 1967).
Parallel with the above, a more innovative solution to interchangeability can be found 
in the CLASP system MARK 5 & 6, represented by various types of fixed and movable internal 
partitioning of different thickness of (100,200 mm).
As these components can be placed at 300 mm centre lines planning grid, a higher 
spatial flexibility could be achieved (CLASP Development Group, 1977). Spedfically, 
spatial flexibility was claimed to be promoted by a variety of selected external wall 
components, which may permit joints between cladding or windows to occur at any 300 mm 
interval, irrespective of column position, as shown in figure (3-3). Some exceptions 
concerning the internal comer can be envisaged, where joints occur at the intersection of 
cladding panels.
Following from the above, it becomes clear that interchangeability of components has 
become the central notion surrounding school building systems. This appears to be not 
only true and coherent with the provision of variety of design layouts, but also in 
offering more responsive ideas about modular and spatial flexibility, which emerged in 
relation to building design.
The emergence of these ideas is a reflection of the growing concern felt about the 
relationship between human aspect and building technology, resulting from the shift in the 
conceptual understanding about the validity of these systems to users, which sought to
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take a holistic view, rather than one that was "atomistic" (Russell, 1981:2).
The shift in the new vision about building systems has dominated the thinking of many 
architects. Russell (1986:37) argued that these systems can no longer be seen in terms of 
the machine aesthetic, but as be liberated from the constraints of art and becoming a 
social service.
In short, the commonly understood notion of interchangeability of building components 
centres on the idea of a set of dimensionally-related components and modular system, which 
fit together in a variety of ways to make buildings. Building systems can be defined as 
an independent framework in which parts are placed. It is the relationship between parts 
that is significant, as regulated by interchangeability, rather than the effectiveness of 
these parts as such. However, the notions of interchangeability can be examined, in 
relation to the closed and open system notion.
32 3 . The Open/Closed System Notions and Interchangeabilitv;
Major emphasis has been given, in literature, to flexibility of industrialized building 
systems, in connection to their specific characteristics i.e. whether they are closed or 
open.
Wilson (1965) highlighted the confusion concerning these notions and described the 
problem of definition of "open system", when applied to industrialized buildings. He
argued that "there is s till considerable ambiguity in the use of the terms ’open’ and
’closed systems amongst designers. Most people know what is meant by ’closed-system’ and 
they also know that traditional building is ’open’ but the confusion arises over what
constitutes a ’system’ and what constitutes an open industrialised system” (Wilson, 1965).
Bender (1970) stressed the issue of interchangeability of components in the closed system, 
arguing that these components are peculiar to that system and may not be interchangeable 
with other systems, and hence, they may be associated with specific plan forms. 
Similarly, Boice (1973:13) argued that in a closed system, the basic subsystems are highly 
predetermined in a specific way and are only compatible with those in the same system.
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Parallel with the above assumptions, Bender (1973:141) thought that more design options 
could be created by choosing universal modules. His argument centred on the many 
possibilities to assemble various commercially available components into an ad hoc open 
system, compared to the limited alternatives produced in closed-systems (Bender, 1973).
From these assumptions, it is clearly seen that traditional building methods are more 
akin to "open" system, since prefabricated components are small in their scale and are 
entirely site-assembled. Nonetheless, some of these components need not be dimensionally 
standardized, where the tolerance is large and scope of adjustment is considerable. By 
deduction, it seems that the extent of incorporating prefabricated components is a very 
determinant characteristic, which minimizes the options of assembly and contributes in 
creating what is called the "closed* system, whereas the incorporation of a wide range of 
different prefabricated and/or conventionally made components may maximize these options 
towards creating an open-system. It is the extent to which parts and components can be 
efficiently and interchangeably fitted to each other in different circumstances which 
determines the open systems.
As an extension to the above, it seems that most of the school building systems are 
closed systems, in the sense that they have their own ranges of components and subsystems 
and are not fully compatible to alien components, as shown in figure (3-4).
Many attempts have been made to enhance the compatibility between components and to 
maximize variety. Some innovative attempts can be distinguished, particularly, in the 
SCSD and the new versions of CLASP and SCOLA systems (Second Consortium of Local 
Authority), which focused on; i) reconciling some of the constructional techniques 
adopted in the traditional methods, with those of the industrialised systems, ii) 
extending the degree of independence between the primary structure and the secondary 
structure subsystems, such as cladding, external walls, internal partitions and finishing, 
at the same time maintaining a higher level of integration between the structure and 
services elements.
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Referring to trie first point, particular emphasis has been given to creating
alternative constructional methods other than those suggested earlier. In the SCOLA
system, for instance, the way in which external walls and internal partitions (i.e.
secondary structure) related to the primary structure gave rise to three alternative types
of construction: Firstly, lioht steel frame structure surrounded by a light dry skin and
flat TQOf- Secondly, steel frame on planning grid of 2*8" (813 mm) used up to four
Storeys, and thirdly, load-bearing wail, located at 24’ (7.20 m) and 12* (3.6 m) centres
using a tartan grid of 1 *(300 mm) cross wall zone (Russell, 1981:485).
With respect to the second point, much of the previous experience related to the 
independence between the primary structure and cladding elements can be found, for 
instance, in the SCSD system. This system characterizes by a long span steel frame with a 
deep services zone integrated with structure, which permits the plan of the individual 
schools to be changed, on a multiple of 5’ (1.52 m) module; hence, to allow architects to 
adjust areas more easily on (2.31 m2) increase, according to different teaching 
requirements (EFL, 1967). Thus, a higher degree of design flexibility could be obtained.
Similarly, the demand for more options in producing components, has greatly affected
CLASP system, in some way, to achieve maximum benefits of the standard system, but by 
increasing design options for more spatial and structural variety according to the 
diversity of users requirements. Thus, many of the ideas underlying these versions were 
abandoned, which gave rise to Mark 6.
The most prominent change of CLASP Mark 6 concerned the structural grid which was the 
increase from 900 mm in Marks to 1.8 m, discarding the dubious notion that a higher degree 
of structural flexibility must be maintained to satisfy user needs. The shift in the
structure could be attributed to the higher concentration of major components of the early
versions, in a very small number of available types. In some cases, it even suggests that 
the differences in size between types of a given component, for instance increments of 
beam span are unnecessarily small when based on a multiplication of 900 mm (CLASP 
Development Group, 1985).
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Figure ( 3 - 4 ) :  Closed-building system and the limitations of building 
components in terms of lower interchangeability with 
other systems
Major changes in the external walls could also be discerned, where components are no 
longer to be supplied by the system, but will be left to the job architects. A variety of 
options in the external appearance can be envisaged in Mark6 represented by prefabricated 
concrete panels, frame-supported cladding, sheet cladding and brick work.
In short, the most common feature of school building systems is the separation of the 
building process and building technology into two complementary sets of subsystems; the 
primary and the secondary, which can be seen as an organizational relationship.
The possibility of achieving standardization in the primary structure, as opposed to 
greater variety in secondary parts, can be seen as a further inducement to the growth of 
open systems. Such an approach may potentially reconcile the long-standing dilemma of the 
need for standardization and maximum factory completeness on the part of industrial 
rationale, and the requirements of diversity i.e. programmatic side, the side of the 
user.
Two main assumptions about flexibility of school building systems can be pointed out; 
i) that greater variety of assembly and sub-assembly can be obtained by adopting a 
generalized modular dimension, and variety of size of buflding components, and ii) that 
exploiting a precondition lor interchangeability of components, the interface between 
subsystems may be increased, towards maximizing the variety of assembly.
Further empirical examination is needed to verify the above claims. This, however, 
will be dealt with indirectly during the empirical study and it will be speculative, 
depending on the findings which will be arrived at from the examination of a school 
sample.
3.3. The Modularity Notion and of School Designs:
So far, some technical implications of M.C./modularity have been reviewed in relation 
to some school building systems. However, there is a need to examine the relevance of 
modularity on school design layouts since they have some relevance on flexibility.
Many attributes of modularity can be distinguished in past studies. These attributes
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can be indicated by two sets of design variables; i) the variety versus similarity of 
area, and ii) the uniformity and concentration of structure.
Some emphasis has been given to the variables of variety and similarity of area in 
building design, as compared to uniformity and concentration of structure, which has 
received much more attention than the former variables. However, the first set of
variables was thought to be relevant to the accommodation of change in building, whereas
the second set was thought to be relevant to the ease of adaptation in building use. An 
attempt will be made in the next sections to refine and establish an operational 
definition of each of them, in order to develop measures for their incorporation in school 
designs.
33.1. The First Variable- Variety versus Similarity:
Variety is a general concept which can be examined according to the phenomenon in which 
it may occur. By definition this term refers to "the quality o f not being the same or not 
being the same at a ll times", which makes it conceptually the reverse of similarity. 
However, further exploration of this concept can be made by borrowing some of the ideas 
mentioned in other fields. As an analogy between organisms and the environment, Simpson 
argued that "the distribution o f genetic variations in a population may effect its
survival chances". He distinguished between different degrees of variety and argued that
"a group whose variability is small may be best adapted to present conditions but be wiped
out by environmental shift, but with those whose variability is very wide, may be so
poorly adapted to present condition as to succumb immediately" (Simpson, 1953:298).
Within the context of environment, Lynch emphasized promoting a certain amount of 
variation, to enhance future adaptability. He argued that "environmental features do not 
breed and multiply o f themselves and thus the minority who can save the biological group 
can not perform the same function in an environmental system at the present". However, 
the analogy with a biological survival system seems to be highly dubious, in as much as,
after change, the suitable system does not multiply Itself, but only meets a percentage of
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the activities need. He criticized higher variety as being wasteful of resources, since 
it caters for unpredictability of change in the future, i.e. adaptability, and argued 
that "a higher level o f environmental variety is undoubtedly an important means fo r 
maximizing present choice, but has no value fo r adaptability" (Lynch, 1958:19). His
argument revolved around the point that higher variety is less likely to enhance future
adaptability, despite its relevance to present flexibility. This could be attributed to 
the mismatch between the future requirements and the present resources represented by 
variety, and hence, such a resemblance is very unlikely to occur during use.
Many implications of variety, as a design variable in buildings, could be distinguished 
in relation to the variable of similarity, but greater attention has been given to 
similarity of area of rooms, rather than to variety of areas (Cowan, 1963; Weeks, 1969).
Both similarity and variety are opposite in their meanings and the two variables about
space are two extremes on one spectrum, as both can be defined in terms of the extent to 
which spaces in buildings are, or are not, similar in their areas.
Conflicting claims about the relevance of both variables to flexibility of buildings 
can be distinguished from past studies. The main claim centred on increasing the extent 
of variety of areas as the main prerequisite for promoting flexibility. This claim 
concerned the ideas of the misfit between activity and the unit of accommodation and that 
by maximizing variety, the change in the requirements of activities could easily be made, 
during use (Aylward, et al, 1974:77). Thus, by minimizing similarity of areas and so 
maximizing the variety, additional spaces may be provided which may be beneficial for 
future change (Aylward, 1979).
The core argument supporting variety of area is that even if an optimum fit of 
activities to space is made at present, it is highly likely that a misfit between 
activities and space may appear due to the demand for new activities, or due to change in 
their spatial requirements which could be catered for by greater variety.
The rival claim focused on maximizing similarity of area as the main prerequisite for 
promoting flexibility. This claim has been strongly advocated in specific building types,
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such as hospitals and research buildings, which are mostly characterized by a complex 
organization (Weeks, 1963/64). Weeks claimed that spaces should not fit closely the 
requirements of certain types of activities, related to certain part of the institution, 
but they should be loosely-fitted to the majority of activities performed in the whole 
institution (Weeks, 1969). His claim centred on limiting the types of rooms in buildings 
into a few standard range of spaces; hence by increasing similarity, it is highly likely 
that many activities could fit within this range and that small scale changes can be 
adequately accommodated during use, without any major adaptation to the building.
Similarly, Cowan (1963) thought that there is an interesting optimum distribution of 
room sizes in hospitals, loosely-fitted to accommodate different types of activities. He 
pointed to the importance of standardizing rooms, within a certain range, which are of 
compromised size (100-250 sq ft), arguing that such a distribution may enhance freedom of 
location of activities within changing patterns of relationships, and hence, increasing in 
use flexibility.
Searching for an extrapolation of the above assumptions on school buildings, it was 
shown that most of the traditional school layouts have embodied particular educational 
thought and ideas about formality of types of activities and size of learning groups 
resulting in greater repetition and similarity of classrooms, in new schools, however, it 
seems that most of layouts have embodied the shift in educational thought towards 
advocating more variety in terms of type of activities and size of teaching areas.
Attempting to find some links, schools can be considered, at first sight, as analogous 
to hospitals and research buildings, as both are characterized by complex organization and 
diversity of activities. Nevertheless, there is still considerable differences in 
categories and type activities performed and their spatial requirements which makes such 
analogy not fully reliable.
Despite that there is a need to find out whether is there any desirable size or range 
of , areas which accommodate the majority of school activities. This might imply further 
discussion of the related concept of "multi-use space". Multi-use space has been defined
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as the extent to which any space can serve several activities and functions (Cowan, 1963) 
Some relevance between similarity of areas and multi-use spaces could be envisaged, where 
different kinds of activities could be accommodated to share the same space, though there 
may be some need for an adjustable partition system.
In essence, the multi-use space is an optimum solution that neither maximizes nor 
minimizes a particular space to suit one activity, which makes it resemble the concept of 
overcapacity. Aylward (1974) claimed that this space is more than a "loose-fit", as 
neatly described by Cowan’s phrase "duffle-coat" space. As a main distinction between the 
two, he assumed that, though the latter includes the same multi-use properties, it is also 
a "tailored-fit" to a more specific range of activities.
In school buildings, multi-use teaching space has been widely advocated. It is usually 
less constrained and is characterized by neutrality, where complex and fixed relations are 
avoided. The characteristics of neutrality may be attained through larger spaces and 
random movements, which might be uninterrupted by structure, as shown in figure (3-5). 
However, in developing an unspecified multi-use space, some undesirable consequences may 
emerge regarding its psycho-physiological impacts on pupils and visual/acoustic 
disturbances, which might require certain minimum size, without which such problems can 
not be resolved (Karfikova, 1974:130).
The present school design experience shows major problem in terms of the larger area 
that should be provided in the multi-use space. It is usually maintained that the design 
standards in the traditional classroom are mostly within a range of 1.5-2.0 sq m per 
pupil, which seems to be inadequate to requirements of multi-use space, and which might 
suggest a higher area provision.
Although there is no accurate measure of the optimal design standards for multi-use 
space, it is suggested that a minimum range of 2.5-3.5 sq m per pupil is needed to 
accommodate as many activities as possible (DES, 1968). At first sight, it appears that 
such an increase in area is more expensive, but it can be counterbalanced by the reduction 
in circulation and structure areas, which constitute about 30-40% of the total built-up
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area in traditional schools. This may give some clues about the appropriateness of 
adopting multi-use space in terms of cost of provision and economies. Nevertheless, the 
validity of adopting multi-use space is still arguable which needs further examination and 
verification.
From the pros and cons, some distinction between the two variables of design can be 
drawn. Variety of areas revolves around the idea that if a mix of different spaces is 
provided, then a greater range of activities can be housed, which however implies 
accommodating a long period of fit of activities. On the contrary, similarity concerns 
limiting the type of areas to only a few, and is centred on accommodating as many 
activities as possible, which makes it synonymous with a multi-use space.
The importance of modularity could only be envisaged in certain cases; firstly, by 
limiting the area of rooms into a few optimal and standardized sets, according to specific 
modules, which could accommodate different functional purposes, and to suit various 
activity patterns.
Nonetheless, it is worth noting that modularity of spaces within this context is 
different from similarity in certain aspects. The main distinction is that areas could be 
very similar but not modular (i.e. not following any modular order and vary in their 
shape and dimensions). Thus, modularity of areas of rooms during the course of this study 
should be differentiated from similarity of areas. Three main conditions implied; 
similarity of area of rooms, their shape and the presence of dimensional order.
Secondly, and contrary to the above, by increasing the variety of area and size of 
rooms, the ease with which spaces could be rearranged for a variety of activities and uses 
would be maximized and more flexibility would be promoted. Further detailed examination 
will be made in chapter VI to verify these claims in relation to school design layouts. 
However, flexibility could be investigated in relation to uniformity and concentration of 
structure as follows.
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Figure ( 3 - 5 ) :  Design implications of multi-use teaching spoce
3.3.2. The Second Variable-Unifonnity and Concentration of Structure:
Uniformity and concentration of structure are two interrelated variables of the design 
layout. By definition, uniformity of structure refers to the degree of repetition of the 
dimensional properties of the structural system throughout the building, while 
concentration of structure means limiting and reducing the number of supporting points of 
structure in the layout to increase the width of the span.
Both variables have some connection to the notion of "permanent" structure and 
"adaptable" parts of building and both were thought to be related to the ease of 
adaptation and promoting flexibility (Weeks, 1969; Lynch, 1958, Oddie, 1974), which can 
be discussed in relation to school designs as follows:
i) Concentration of Structure:
In literature, concentration of structure was recognized to have some connection with 
the adoption of new building methods of construction, particularly, using a large span 
frame structures (Russell, 1981; Duffy, et al 1976). In architecture, however, the 
concept of using frame structure with vertical support points is a very old one, which is 
used in many Greek and Roman buildings, but with variations in the ways of allocating them 
in connection with other building techniques such as load-bearing walls (Weber, 1976; 
Neissen, 1972).
The essence of frame structure, however, is to use columns rather than walls, which 
could be varied in their dimensional spans and their geometry. Many implications could be 
found in both low and high rise buildings. Underlying these implications, is a common 
recognition that concentration of structure is most likely to be associated with modular 
dimensional order, but this does not necessarily mean that all frame structures must be 
modular.
Along with such recognition, a further assumption can be made, that if limited 
supporting points were used in a more limited area, and so optimizing the width of the 
span, many design benefits could be gained (Lynch, 1958:18). In particular, leaving the
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"fluid” or uninterrupted area much easier to reorganise and more adaptable, and hence 
minimizing the level of interference with the main fabric of the building (Aylward, 1974). 
The ease of adaptation in these areas can be foreseen as analogous to the location of 
activities which are exerting pressure for change on the "fixed" parts of the buildings.
Several implications of the concentration of structure can be discerned in 
universities, where larger modular structural spans were proposed in connection with the 
notion of the basic building "shell" and design "tactics" (LIU, 1972; Dowson, 1967). For 
instance, a repetitive multi-purpose structure of 15x15 m was adopted in Loughborough 
university, compared to 9.6x9.6 m in the Birmingham Mining and Metallurgy Building 
(Dowson, 1967), where a large uninterrupted space of optimum flexibility was created. 
Thus, adaptation in activity requirements could be achieved easily without altering the 
main services.
In school buildings, concentration of structure was thought to be highly affected by 
the cost limitations, patterns of circulation and functional constraints (Oddie, 1975). 
Two main ranges of medium and long structural spans were distinguished by Oddie at 7-9 m 
and 15-24 m respectively. He claimed that the adoption of medium spans accommodate most 
teaching spaces, such as classrooms, laboratories and crafts room, or any other open 
spaces, compared to the long-span, which he claimed to be more appropriate to accommodate 
teaching activities that require more space free of obstruction than a classroom for 30-40 
pupils (Oddie, 1975).
Many attempts were made to reconcile the above ranges of structural spans according to 
the diversity of teaching activities and to cope with changing demand of activities. 
Nonetheless, there still seems to be much controversy about the optimum width of span 
which caters for different activities.
However, two main conflicting arguments surrounding the appropriateness of structural 
spans to match the diversity of teaching activities, can be refined. The main argument, 
that long spans are less important than hitherto supposed, was that the most extreme 
educational change could be almost entirely accommodated within a column spacing of 7.2 m,
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or 8.4 m in both directions (OECD, 1976:98). The counter argument is that the diversity 
of accommodation in modem learning necessitates an optimum grid size for the structural 
span, which can accommodate all spaces and activities required. This may suggest adopting 
a rectangular structure, based on the idea that the grid which gives options of close 
column spacing in one direction, for instance, could be highly acceptable if it gives 
longer spacing in the other direction to accommodate specific areas, and to freed from 
obtrusive columns (OECD, 1976: 98-99).
Attempting to avoid obstruction, Phillips (1974) has suggested that an alternative main 
frame with a large structural span of 14.40 m in both directions would facilitate such 
diversity of accommodation.
In short, the importance of the concentration of structure in school design emerged 
from the need for flexibility to cater for a diversity of requirements at both the initial 
design stage and in use. The main assumption is that promoting flexibility in buildings 
has to take into account the real optimization of structural spans and a higher 
concentration of structure.
jp-Uniformity of structure;
This variable describes the extent of repetition of structural grid in the design 
layout, where columns are not always located on a repetitive dimensional grid throughout 
the building. In general, buildings could have either different distribution of vertical 
supporting points or could have the same repetitive distribution. In both cases, this 
variable was considered to be a direct consequence of modular coordination and 
standardization of building construction (Neissen, 1972). It embodies the notion of the 
reduction of various grids in the plan, simplification and limitation of the number of 
variants for structural spans, and hence, a further reduction regarding the constructional 
cost can be achieved (Weeks, 1969,1986; Duffy, etal, 1976).
From literature, both uniformity and modularity of structure has been mentioned 
interchangeably in relation to the "lattice". Lynch (1985), argued that "modularity o f
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structure is analogous to that o f the lattice which has been categorized to be o f one kind 
o f the additive structure". Within this context, Weeks maintained that by adopting two 
and three dimensional lattice systems in buildings, many desirable attributes could be 
attained, in terms of generalized quality (Weeks, 1969, 1986). He emphasized the 
interdependence between modularity and uniformity of structure, which have many linkages 
to the uniformity of areas. Nonetheless, this argument can be criticized in that 
structural systems can be highly uniform, but it needs not have a modular grid.
Several implications of uniformity of structure as related to modularity could be 
envisaged. For instance, in hospitals and research buildings, the suitability of modular 
dimensional planning was noted by Weeks (1969:538) to be able to accommodate of a very 
wide range of functions. His assumption centred on limiting the size of areas into two 
standardized types, based on a 600 mm structural module; the 7.20x3.60 m which he claimed 
to be suitable for laboratories, research and diagnostic areas, and 9.60x9.60 m which 
would be appropriate for large group teaching areas (Weeks, 1986:7).
In school buildings, various implications of uniformity of structure and modular 
planning were distinguished in many ISMS., as a part of an overall modular planning 
approach to facilitate change, mainly, in services elements and internal partitions. For 
instance, in the CROCS system (Centre de Rationalisation et d’Organisation des 
Constructions Scolaries), three main rectangular zones of 0.60x0.60 m, 2.40x2.40 m and 
2.40x0.60 m, for columns, planning grid and tartan grid for partitions, have been 
proposed, as shown in figure (3-6).
Within this geometry, structural grids can be disposed alternatively, giving rise to 
two main spans of 7.80x7.80 m and 7.80x5.40 m as primary and secondary modules, where an 
additional 5.40x5.40 m module can be added as complementary to the above (Lenssen, 
1973:6). Additionally, the system permitted a 0.60 m deep floor services zone to be 
integrated with the structure. This was assumed to ease the re-routing of services 
installations during use, which in turn were designed to permit any type of internal 
partition and to maximize their demountability and re-use (Lenssen, 1973).
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Other implications of uniformity of structure can be discerned in the earty versions of 
the CLASP system M K 3 & 4, where basic structural modules of 5Mx5M and 5Mx7M were proposed 
based on a module of M=3’4" (1.02) m. This module, however, implied an optimum beam span 
for a floor of 8M (8.16) m, which was later increased to span up to 9.18 m. It was 
believed that spans around 9M=9.18 m were more economic. This reflects the way in which 
the problem had been set up in relation to the predominate design approach of a classroom 
box type for schools, which requires span between (6.70-9.18 m).
Furthermore, it was thought that more variety of layout could be created within such a 
limitation to facilitate the type of informal teaching and the inside-outside relationship 
(Russell, 1981).
In the new version of MK5, a modular structure based upon 0.90 m module was proposed, 
compared to 1.02 m in the previous version, but to accommodate greater variety rather 
uniformity of structure. A wider range of 1.80-12.60 m and 12-18 m for both medium and 
long roof spans was suggested. Various structural spans of 1.80-9.00 m were proposed for 
floors where columns can be located on centre lines at the intersection of structural 
grids, as shown in figure (3-7).
In this way, it may make it possible to change the external wall and the plan shape at 
any 90 mm position. This seems to be very beneficiaJ in many ways, particularly, the 
higher compatibility of external wall with perimeter columns, which could be created at 
various intervals of 1.80, 2.70, 3.60 m, as shown in figure (3-7) (CLASP Development 
Group, 1977).
To summarize, conflicting claims about the relevance of structural system to 
flexibility of school buildings were distinguished. The main claim centred on maximizing 
the extent of variety of structure, to optimize flexibility. The rival claim centred on 
maximizing uniformity of structure for promoting flexibility. Further detailed 
examination is needed to verify these claims which will be dealt with in the empirical 
study.
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333 . Summary- the Modularity Notion and School Designs:
The previous sections discussed the influence of some particular design variables,
related to modularity, on the flexibility. The aim of the discussion was to explore the 
possible ways of optimizing flexibility of school designs, as well as providing means for 
communication about how flexibility can be manipulated during the design process, that an 
objective prediction can be made before use.
From the literature review there seems to be a common recognition that the extent of 
incorporation of certain design variables regulates change and flexibility. Nonetheless, 
there still seems to be a lack of empirical knowledge about the means for optimizing 
flexibility through design. In other words, the outcome of previous studies did not, in 
fact, generate an accumulation of knowledge on the causal relationship between design 
variables and their resultant effects upon flexibility of school buildings. Additionally, 
these studies do not inform the practising architects of how to achieve the objective of 
optimization of flexibility, but instead offer some clues about the influence of an ad hoc 
spatial design layout, or structural pattern, on flexibility.
This implies that the architect is given no prior knowledge of design variables and 
their effect upon flexibility, that has to work and rework the design in an iterative 
manner until satisfied.
Thus, in order to optimize flexibility, two prerequisites are necessary. Firstly, 
flexibility must be properly defined and measured. Secondly, the design variables must be
measured and their impact upon flexibility must be assessed and established.
Implicit in the design, there seems to be a simplistic view of flexibility which has 
been dealt with vaguely, or on a very general basis; for instance, the design for change 
was regarded as equivalent to the accommodation for adaptation.
If, as we shall demonstrate in this thesis, flexibility is a complex and multi-faceted 
phenomenon, a more detailed understanding of the reciprocal relationship of flexibility
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and design variables is necessary than those provided by the previous studies. Hence, an 
attempt will be made to incorporate information on design to examine its relationship to 
aspects of flexibility and a systematic exploration of these relationships will be made in 
the empirical study (chapter V to X).
Though some operational definitions of design variables have been established in 
previous sections, there still seems to be a lack of measures by which their extent of 
incorporation in school designs could be assessed reliably and the hypotheses about their 
relationship to flexibility can be tested.
Thus, a methodologically more rigorous approach is required, if these relationships 
have to be tested. Though many design variables have been identified to be relevant to 
flexibility, only two design variables can be identified for the purpose of measurement; 
the similarity of areas and uniformity of structure. Some proposals for measuring 
similarity have already been developed in previous studies which could be adopted in this 
study (Al-Nijadia, 1985). On the contrary, no proposed measures for the latter variable 
have been established yet, which therefore need to be developed in the following sections.
3.4. Proposals for Measuring Design Variables:
So far, operational definitions of the above two variables have been established. To 
develop an objective measures of these variables, some criteria for measurement will be 
required. Obviously, such criteria should fulfil the main prerequisites of reliability, 
validity, sensitivity and applicability of any measuring technique.
This might primarily suggest direct measurements of architectural layouts of school 
buildings in order to achieve these prerequisites, which in turn might depend on the 
availability of past records of these layouts.
In this way, the dimensions of both teaching space and structural spans can be measured 
directly from these layouts. Meanwhile, further cross-checking of dimensions is needed, 
particularly in those cases where no accurate drawings of school design layouts were 
found.
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These drawings should be prepared, according to their initial design proposal, rather 
than the existing layouts, since these layouts may be altered during use, and hence, a 
higher level of accuracy of measurement could be attained.
3.4,l, Measures of Similarity of Areas- Adopted Variable;
Similarity of areas of rooms describes the extent of repetition of areas in the design 
layout which can be measured according to the general and specific characteristics of 
rooms.
However, the general characteristics could be indicated in terms of the distribution of 
different areas in the design, their shape and proportion, and hence, some descriptive 
statistical measures can be adopted (Reed, 1987).
Both the length and the width of rooms will be recorded on an interval scale and their 
shapes can be obtained. However, this study argues that shape of rooms could be 
categorized according to an interval ranking scale of four points; 1 for ratio of 1.0. £  
for ratio between 1-1.50. 3 for ratio between 1.51-2.00 and 4 for ratio 2.01-4.00
respectively. This might enable the percentages of each ratio in each design layout to be
identified, which will be very important for comparing different design layouts in terms 
of the similarity of areas.
Additionally, the description aims to identify the Mean, the Standard deviation (Stdev) 
and the Range of areas. The latter measure will determine the differences between the 
extreme ends of the distribution. Such description, however, may provide a preliminary 
assessment of different school design layouts which might support the measurement of 
similarity according to the specific characteristics of areas.
The specific characteristics could be measured in relation to: similarity of all rooms
contained in the layout and similarity within sets, or groups, of rooms. Measuring
similarity of areas of all rooms could be indicated by adopting some statistical measures
of dispersion expressed by a coefficient o f variability (iCoefvar) (Leedy, 1985:195), which
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incorporates both the Stdev and the Range scores of areas as a ratio to the 
Meon-indicators one and two.
Both indicators could be expressed by the formula:
Coefvar-A = Stdev o f Areal Mean of Area 
Coefvar-B = Range o f Area! Mean of Area
By computing the scores of department layouts, with respect to the above indicators, 
the higher the scores, the higher the degree of variety of areas and the lower is the 
extent of similarity of area. However, it is highly likely that different school designs 
could have similar shape of rooms and similar scores with respect to the above indicators, 
and hence, more specific indicators of similarity of area are required. These indicators 
could be developed by considering the main area types, and how different teaching areas 
are distributed according to these types, which in turn necessitates establishing, or 
adopting, an appropriate criteria for categorizing areas in school buildings.
As has previously been mentioned, teaching areas could be categorized according to the 
characteristics and the requirements of activities they house, (p. 45) However, it seems 
that there is no commonly agreed upon criteria for categorizing areas which has yet been 
established.
Some attempts have been undertaken in the past by the Department of Education and 
Science (DES, 1969, 1973), to quantify different teaching accommodation, which relied on 
the type of activities and their particular requirements. These attempts seem to be 
subjective and are not fully reliable, since they were based on the designs of some 
specific school buildings, i.e. newly-built schools, rather than considering the large 
stock of traditional school buildings built during the last few decades.
Therefore, to establish more reliable criteria, a larger school buildings sample should 
be included which may suggest searching for some comprehensive studies, which cover the 
majority of school buildings. The search for most up-to-date studies pointed to the 
latest survey of school buildings which was carried out by the DES & Welsh Office (1980).
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In this study it was found that different teaching areas, of the surveyed schools, could 
be clustered into few main distinctive types, based on the criteria of type of activities 
and their services requirements;
i) General teaching rooms up to 450 sq f t  (41.8 m2)
ii) General and light-practical rooms (i.e. science, music, commerce, art
and crafts) over 450 sq ft, but less than 600 sq f t  (55.74 m2).
iii) Light-practical rooms over 600 sqft but less than 750 sq f t  (69.7 m2).
iv) Heavy-practical rooms (i.e. workshops, libraries and home-economics),
a ll room size.
v) Large spaces (i.e. P £. spaces, drama studios and halls).
From the above categorization, it appears that teaching areas can be categorized into 
three distinctive ranges in terms of size; less than 41.8 m2, 41.8-69.7 m2 and more than 
69.70 m2. These categories can be seen as meaningful yardsticks for the categorization of 
areas in school buildings. Practically, different school design layouts may vary in the 
pattern of distribution of their teaching areas around these ranges. Recent research on 
Craft, Design and Technology (CDT) accommodation revealed that larger areas are required 
which exceed the 750 sq ft 69.72 m2 but are up to around 1050 sq ft (96.6 m2) (DES, 1987).
Furthermore, past design experience (DES, 1973, 1975) shows that different smaller size 
areas in the new comprehensive schools, even less than 150 sq ft (13.8 m2), are more than 
sufficient for the new patterns of individualized learning, small work and seminar 
activities.
Hence, by compromising different area requirements, it is possible to arrive at a a 
more accurate interval scale for the categorization of teaching areas. It is highly 
probable that such a scale may cover a wider range of variations in teaching accommodation 
in both new and traditional schools and would be beneficial for the purpose of the 
empirical study.
Thus, this study argues that the adoption of an interval scale of five points, derived 
from the above yardstick, is most appropriate for the categorization of teaching areas.
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This scale extends from the smaller to the larger size and encompasses the following 
ranges; less than 150 so ft (13.8 m2). 13.9-41.4 m2. 41.5-69.7 m2. 69.8-97.6 m2 and more 
than 1050 sa ft f97.6 m2). Additionally, this study argues that such categorization of 
areas could only be applied to school buildings, as compared to some other proposals 
adopted in other types of buildings (Cowan, 1963, Weeks, 1969).
Given the above criteria, the variation in both areas and the number of rooms in 
different school layout, then percentages of areas distributed according to the above 
types, can be identified. Also, it becomes possible to identify the highest percentages 
of areas per each type in any design layout, and hence, a more reliable indication of 
similarity of areas could be arrived as follows:
Firstly, by referring to the assumption that the fewer the number of area types in the 
design layout, the more similar the room will be, and hence the higher is the extent of 
similarity of rooms. However, similarity of areas of rooms does not only depend on the 
number of area types, but also on the number of rooms within each type. Thus, the higher 
areas are clustered within one type, the higher the percentage score and the higher the 
extent of similarity of area-indicator three.
Secondly, which is implied from the first, that if there is an equal number of rooms 
(X) in the design layouts, and different number of room types (Y), then the extent of 
similarity will be affected by above two aspects and could be computed as a ratio of rooms 
minimization as indicated in the formula.
Extent o f minimization o f rooms types = XIY 
X= Number o f rooms in the building 
Y= Number o f area types
Hence, the lower is the number of area types, the higher the ratio of minimization and 
the higher the extent of similarity of areas. However, as the number of rooms contained 
in different design layouts are most likely different, and thus, the ratio of minimization 
according to the above formula should be modified (i.e. to be proportionate to the number 
of rooms in each layout), as a percentage of the maximum extent of minimization as
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follows:
Extent o f minimization o f rooms = 100 (X-Y)I(XY- Y)
This ratio can be considered as indicator four of similarity of areas, but it is more 
specific than the previous indicators, since it considers the actual difference in the
types of areas and the number of rooms in each layout. Hence, the higher the score of 
extent of minimization, the higher the extent of similarity of areas of the layout and 
vice versa.
However, different school designs could yield similar scores with respect to the 
highest percentage of areas and extent of rooms minimization, but still they may differ in 
their extent of similarity within groups of rooms, and hence, more sensitive indicators 
are needed. To develop these indicators, this study argues that similarity of areas 
within grouping of rooms could, also, be measured by considering the variability of 
different areas within each type, and how they are dispersed around their mean. By
adopting the same statistical measure of dispersion within each area type, the extent of 
similarity of areas could be arrived at -indicators five and sir.
From the above indicators, it becomes possible to arrive at an overall assessment of 
the extent of similarity of area, in terms of their ranking scores with respect to each 
and all indicators of similarity.
However, it should be emphasized that different rooms could be highly similar in their 
areas and shape but that does not necessarily mean that they are modular or of
standardized size- a point that needs to be verified in this study. However, different
design layouts could be compared according to their extent of uniformity of structure as 
follows.
3,4.2, Measures of Uniformity of Structure-New Variable;
Uniformity of structure was defined as the extent of repetition of the dimensional 
properties of the structural system. It can be measured with respect to the structural 
characteristics of the layout.
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The main assumption underlying measuring this variable is that the higher the level of 
repetition and standardization of structural spans in each design layout, the higher the 
extent of uniformity of structure. To achieve this objective, dimensions of the 
structural spans have to be measured directly from the design layouts, which can later on 
be cross-checked through detailed observation. This might enable a distinction between 
structural and spatial elements of the layout to be made since there is always a 
possibility that some non-structural walls and partitions are juxtaposed on structural 
grid lines which makes it quite difficult to distinguish between them from the 
architectural drawings.
Operational rules for measuring uniformity could be proposed. Firstly, by measuring 
the structural span intervals in all directions of the layout with respect to the primary 
and secondary structural spans. When load-bearing walls were used, a reference grid line 
will be drawn and the dimensional intervals between walls could be measured. In both 
cases, by extending the centre lines outside the periphery of the plan in all directions, 
four sets of dimensions {xl, y l,  x2 y2) can obtained and analyzed.
Secondly, by measuring the variations in all four sets of dimensions by adopting some 
statistical measure of central tendency, and hence the Mean score of each set {xl, y l,  x2, 
y2) could be obtained. These primary scores will be incorporated as a basis for computing 
the variability of structural dimensions in any design layout in both longitudinal and 
transverse directions.
By computing the Standard deviation {Stdev) of these scores around their mean, then the 
higher the standard deviation, the greater is the variation in structural spans dimensions 
and the lower the extent of uniformity of structure-indicator one.
However, different design layouts could be similar in their scores with respect to this 
indicator, but they may differ, in relation to the detailed aspects of uniformity. This 
implies that some design layouts could have similar scores with respect to Stdev, but 
differ in relation to the Mean. Higher or lower scores of Stdev do not necessarily mean a 
large or small amount of difference from the Mean, and it might just reflect the magnitude
-88-
of the mean itself. This might imply the need to look at Stdev in terms of the Mean, and 
hence, the smaller the score of the Stdev relative to the Mean, the more dimensions are 
clustered around the centre score and the higher the uniformity of structure.
In this way, a more sensitive measure of variation could be obtained and 
expressed statistically, in terms of Coefvar-A which can be produced by dividing the 
standard deviation by the mean as represented by the formula:
Coefvar-A = Stedv /Mean of the means
Hence, producing a standardized figure by which comparison of dissimilar design samples 
could be made, and hence, the smaller the score of the Coefvar, the greater the structural 
span dimensions are clustered around the mean and the higher is the extent of uniformity 
of structure- indicator two.
Similarly, the above measure could be developed, in relation to the Range. This 
measures the differences between highest and the lowest scores amongst the four previously 
mentioned dimensions. Hence, by considering the Range score for each set of dimensions 
relative to the Mean, a second measure of dispersion could be arrived at, expressed 
statistically by the formula:
Coefvar-B = Rangel Mean o f the means
Accordingly, the lower the score for the above indicators, the less the variation 
between the two extremes of dimensions relative to the mean and the higher is the extent 
Of uniformity- Indicator three.
However, different design could be similar in their scores with respect to the above 
indicators, and hence, an alternative indicators are needed, in order to achieve higher 
degree of accuracy of measurement. This is due to the logical procedures underlying the 
previous indicators, which seem to be deficient, somehow, in the way of incorporating the 
mean scores of each set of dimensions, as a basis for computing the extent of uniformity 
of structure. Both imply further elimination of the variations within each set of 
(xl,ylj2,y2) dimensions, and hence, reducing the sensitivity of the measure.
In proposing alternative indicators, two operational steps are implied; i) measuring
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the level of variability i.e. Coefvar-A and B within each set of dimensions separately, 
and ii) by obtaining the average of these scores, a more specific measure of uniformity of 
structure could be arrived at-indicators fonr and five.
It is anticipated that these indicators could yield slightly different scores to those 
proposed earlier, due to the differences in their formula and method of computation, but 
they may provide a cross-validation to previous indicators. Both indicators can 
statistically be expressed by the formula:
Coefvar-A• = £  Stdev (x l .y l ,x2,y2) / Mean (x l ,y l ,x2,y2)
Coefvar-b * = £  Range (x1 ,y1 ,x2,y2) / Mean (x l ,y l ,x2,y2)
Ranking of different design layouts can be made according to their scores for each 
indicator uniformity separately, while their mean ranking scores might enable an overall 
assessment and comparison, to be made, according to overall uniformity.
3.5. The Flexibility of School Design and Modularity Notion-Summary:
The aim of this chapter was the identification of design variables that underlie 
general and specific ideas about flexibility in school buildings. Several implications of 
modularity on school design have been examined in relation to a few main design variables. 
Various claims about their relevance to flexibility of school have been investigated and 
discussed and two influential variables were isolated; similarity of areas of rooms and 
uniformity of structure.
These variables have been defined and their operational measures were refined and 
developed. New proposals for measuring uniformity of structure in school designs have 
been developed, while proposals for measuring similarity of areas were adopted from past 
studies of flexibility. These proposals will be applied on a selected school sample to 
enable an empirical assessment and comparison of different school designs will be made in 
chapter VI.
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CHAPTER IV  
THE FLEXIBILITY OF SCHOOL BUILDINGS 
IN USE
4.1. Introduction:
Chapter II investigated school designs and focused on some characteristics and variables 
relevant to their flexibility. Chapter III investigated other main design variables and 
proposed a system for measuring them. This chapter will concentrate on developing a 
comprehensive framework of measurements, within which flexibility of school buildings in use 
can be assessed- the second objective of the study.
An attempt will be made to examine previous proposals for measuring flexibility and the 
criteria adopted for indicating flexibility in each of them will be explored and discussed, 
concentrating on the dualism of objective and subjective methods of assessment.
Some indicators will be adopted and developed from these proposals. These indicators will 
then be outlined and their relevant data collection methods will be explored and discussed. 
Later, these indicators will be deployed to measure flexibility of selected teaching 
departments and will be investigated in chapter VIII.
42. The Meaning of Flexibility of Buildings:
Different definitions of flexibility can be distinguished in the previous literature. 
These were found to range from very general, i.e. regarding many facets and reflecting wider 
variations in interpreting flexibility, to very specific i.e. concentrated on one facet of 
flexibility, which can be investigated as follows:
4.2.1. The General Meaning of Flexibility:
From the literature, several definitions of flexibility have been proposed. However, 
these definitions differ according to the building type investigated, complexity of 
organisation housed in them and the emphasis that has been given in each study particularly
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when certain attributes or parts of these building were investigated.
The controversy in describing flexibility in buildings could be envisaged through a 
diversity of terminologies, such as flexibility, adaptability, variability, (Dulhosch, 
1973:13), expansion, versatility, convertibility and so on (Aylward, et al, 1974; Pena, 
1977:70).
Most of these definitions have described flexibility as the potential to accommodate 
change, indicating why flexibility is needed, and how it was advocated in design. They 
concerned the means for achieving flexibility in relation to operational, planning and design 
considerations, as can be noted in past studies carried out by Lynch (1958), Fawcett (1976b, 
1978), Oddie (1975:35), Dulhosch (1973:13), Oxmon (1978:15), and many others.
However, in these studies different terms, rather than flexibility, have been adopted; 
for instance, the distinction proposed by Lynch (1958:16) between two flexible environments: 
the present day choice in the environment and the freedom for users to develop the 
environment to their own requirement, which was referred to by "generalized adjustability". 
He stressed that a "well-adapted space is one in which function and form are well-fitted to 
each other, which may be achieved by adaptation o f place to activity" (Lynch, 1985: 168).
Fawcett (1978) considered adaptability to take into account the uncertainty and 
changeability of the relationship between activities and space. He defined adaptability as 
"the probability that a building will not become obsolete, and it is a subjective probability 
based on state of knowledge about the activities that might occur in the b u i ld in g However, 
the term adaptability was used synonymously with flexibility, since it concerned the possible 
ways of allocating sets of activities to sets of rooms, taking into account the compatibility 
of rooms with all activities (Fawcett, 1978).
Oddie (1974:115) distinguished between three aspects of flexibility in school buildings; 
the "modular coarseness" or "refinement" which responds to the diversity of accommodating 
activities, "adaptability", which referred to capacity for physical alteration to meet 
changing circumstances and "versatility" or "polyvalence". He defined versatility as "the 
quality o f building as planned and fitted out which allows fo r variation in patterns o f
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change and adaptation in use. It is inherent in every building but to a different extent,
and the tendency to increase this capacity is a highly desirable characteristic. Measuring 
the extent of flexibility in any building can only be made in relation to the amount of both 
change and adaptation, and this will be the starting point for the quantification of both
attributes of flexibility in school buildings. However, there is a need to explore different
specific meanings of flexibility, in order to arrive at a system of classification of
flexibility.
4.2.2. The Specific Meanings and Classes of Flexibility:
Following from the above, it seems that the general definitions of flexibility also refer 
to particular classes of flexibility. Different criteria for classification of flexibility 
were distinguished from the literature. Though the basic assumptions underlying each of them 
have not been clearly pointed out, a few main criteria can be refined; firstly, the nature 
Qf . Change, secondly, the location where flexibility resides in the building, thirdly, the 
design characteristics which endured such change and/or adaptation and fourthly the design 
stage. However, each criterion implies its unique operational rules and problems which needs 
further discussion.
The problems resulting from the first criterion, i.e. the nature of change, are limited 
to; the overlap between the classes of flexibility describing change with thgse referring to 
adaptation and the validity of the resultant definition of flexibility. Al-Nijaidi (1985) 
argued that, if either change or adaptation occurred in a building these problems could be 
minimized by further clarification between them, as a criterion for classification. On the 
contrary, if both were used then flexibility classes will be based upon certain assumptions 
about the relationship between them.
Nonetheless, indicating a class of flexibility on the assumption that this type of change 
is accommodated by a particular class or type of adaptation, is unlikely to be justifiable 
unless empirical evidence is shown. Lack of empirical evidence about the relationship 
between classes of change and classes of adaptation might imply that if any classification
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activities, without the need fo r physical adaptation". He added that the greater the 
versatility, the longer the adaptation can be postponed (Oddie, 1974:114-115).
The above distinction contradicts the definitions suggested by Dulhosch (1975:13), who 
distinguished between flexibility and variability concepts. He defined flexibility as the 
ability to achieve a change of condition, which he claimed to be synonymous with adaptation 
and modification, whereas, variability was defined as the ability to change the condition 
without recourse to adaptation.
His assumption was based on the argument that both concepts are a n "instrumental aspect o f 
changeability, where movement or change in both space and time are necessary prerequisites 
fo r flexibility* (Dulhosch, 1974: 40-44). In this case, flexibility relates to the
transformation of elements of a given system which implies actual physical manipulation or 
modification of an object during use, whereas variability deals more with morphological 
differentiation.
From the above, it seems that flexibility is a multi-faceted concept and that there is a 
diversity of definitions which describe these facets, which are mostly concerned with the 
accommodation of change or adaptation or both. In some definitions (Oddie, 1974) flexibility 
was distinguished from adaptability, and both were considered to be extremes of one 
continuum, where the accommodation of change can be made with, or without, adaptation. In 
other definitions (Fawcett, 1978) flexibility was mentioned interchangeably to adaptability 
and in relation to change only.
Despite the diversity of definitions, there seems to be shared agreement that flexibility 
could be described according to attributes of both change and adaptation, in any part of a 
building or a building as a whole. Although such a statement about the relationship between 
them was not explicitly formulated in the literature, it could be stated that the flexibility 
of buildings could be described and quantified along one continuum, depending on the type and 
the amount of change that could be accommodated them, in relation to the amount of adaptation 
that may occur over time.
In short, flexibility refers to the ability or the capacity of buildings to cater for
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was made, then it should be either in relation to change, or only to adaptation.
For instance, the previously mentioned classification by Oddie could be criticized on the 
above basis, where "Modular refinement" concerns accommodating a diversity of activities, 
which makes it synonymous with "versatility", which by definition means serving many purposes 
and allows for variation in the pattern of activities performed in a space to happen (Oddie, 
1974:115). Meanwhile, it seems that both "versatility" and "polyvalence" are synonymous 
since the latter means " serving many purposes". Though polyvalence is more specific than 
versatility and slightly differs in terms of the number of activities involved, the 
consequences of both changes are similar.
Other problems could be distinguished in the above classification which concern the 
incoherency of the criterion used to distinguish between classes of flexibility. While the 
criterion was the number of "activities” to be catered for, as a distinction was made between 
"modular refinement" and "versatility", the criterion which differentiates "adaptability" 
from both was the nature of change and not the number of activities in which change could 
take place. Alternatively, the definition of adaptability as a potential for physical change 
contradicts both terms which are catering for change in activities, as such.
The problems concerning the second and third criteria of classification are mainly the 
difficulty of indicating flexibility in relation to its location in the building, or to 
certain aspects of that building, since these classes refer to different phenomena in which 
change occurs. In this case, the types of change were categorized referring to the detailed 
attributes such as organization, type of activities performed in space and the function of 
space. Meanwhile, types of adaptation were identified referring to the spatial configuration 
of the building, the constructional and the technical services elements.
In reality, the misconception underlying such a distinction is that these aspects are 
interwoven and often overlap within one context and that the only justification for such 
separation was for the sake of simplicity of analysis. In other words, it is hardly 
justifiable to consider functional characteristics of space, separately from the contents and 
spatial elements that enclose that particular space. This is equally implied to the change
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in the organization/activities which have to be considered in relation to adaptation in their 
requirements, such as equipment, fittings, or any adaptation in constructional elements, etc.
it can be argued that such distinction between classes of flexibility which cater for 
change with those which cater for adaptation only, is unlikely to exist in reality where all 
classes are interrelated and overlapped.
in the classification proposed by Oxmon (1978: 113-140). Five types of flexibility have 
been distinguished in relation to the initial design, construction, use, modification, and 
transformation stages.
In this classification, only flexibility of design and transformation were considered for 
the purpose of measurement (Oxmon, 1978:199). Although such a distinction is very beneficial 
to an understanding of the nature and type of change during use, compared to the early design 
stage, it does suffer from many problems; i) the lack of distinction between cases, where 
changes were made in any of the building elements and those cases where no changes, 
whatsoever, were made, ii) lack of operational definitions upon which flexibility could be 
measured, and iii) the subjectivity of the index for measuring flexibility of the design 
layout.
To sum up, criteria for classification of flexibility in buildings revealed only a few 
beneficial points, but major deficiencies were distinguished in terms of clarity of 
definition of classes of flexibility and the overlap between these classes and between the 
criterion proposed. To overcome these deficiencies, this study argues that the distinction 
between classes of flexibility has to be based on the types of change in relation to 
adaptation. Both could be quantified in terms of magnitude and frequency in which they occur 
in use.
4.23 . The Meaning of Flexibility of School Buildings:
For the purpose of measuring flexibility of school buildings in use two basic definitions
concerning the fourth criterion, i.e. the design stage, can be exemplified
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of flexibility can be refined; i) "Flexibility o f school buildings is the quality o f 
building, as it exists at any point in time, which allows fo r change in patterns o f 
activities that can be accommodated, without recourse to physical change i.e. adaptation" 
(Oddie, 1975:33); and ii) "Flexibility denotes the potential o f school building which 
permits change and variations in activities, time-tabling and class-size group without need 
fo r adaptation " {Pearson, 1975: 25).
Following from the above definitions, it seems that the greater the extent of flexibility 
the higher the change and lower is the demand for adaptation. Alternatively, flexibility of 
a school building refers to the accommodation for change of activities pursued within it, and 
hence it results from the concept of total school activities held at a particular point in 
time. Pearson (1975: 26) argued that flexibility could be facilitated by a continuum of 
space and a well-designed system of portable and adaptable furniture, equipment and storage 
units, allowing teachers and pupils to rearrange their accommodation whenever needed.
On the other hand, adaptability was defined as "the capacity o f physical alteration by 
relocation, replacement and removal o f components in respect to either the constructional 
elements or services o f the buildings or by addition of further components towards increased 
adaptability" (Oddie, 1975: 35).
However, most of the previous studies were concerned with relocation of partitions as a 
prime objective of adaptation and very little attention was paid to other parts, or elements 
of the building.
It is clearly seen that the above assumption has been accepted without question, that the 
demand for physical alteration arises from a need to alter the pattern of internal spaces, 
which partitions demarcate and separate. Nonetheless, it is evident that, in real cases, 
adaptation was made by pulling down partitions, to make a larger spaces, or inserted for 
subdivision.
Two main assumptions underlying the above definitions can be pointed out; firstly, both 
notions are inversely related and opposite in their objective, and secondly, the demand for 
flexibility of teaching space necessitates certain flexible provisions, that the higher the
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teaching space flexibility, the lower is the demand for redesigning or adapting the space to 
the new requirements.
However, this study argues that the term flexibility will be considered comprehensively 
and it will encompass attributes of both change and adaptation. Meanwhile, the overlap 
between the classes of flexibility which catered for change with, or without, adaptation can 
be clarified by further empirical evidence.
Therefore, flexibility of school buildings will be mentioned, during the course of this 
study in relation to both change and adaptation, or to only one of them. This may enable us 
to simplify the process of assessment and data collection.
Further distinction can be made between two types of adaptation in relation to; the 
loose/adaptable fittings and equipment, and the fixed element of space that underwent 
adaptation. The former is referred to a "reversible adaptation" (Cowan 1969: 485), which 
can be made by reorganizing of loose furniture and movable partitions/cabinets, and so on, as 
opposed to, "irreversible adaptation" which is exemplified by addition, removal and 
rearrangement of constructional and/or services elements or place-fixed equipment. Hence, 
the degree of adaptation can be described along one continuum which extends between both ends 
mentioned above.
To summarize: flexibility of school buildings can be considered to be a statement about 
both change and adaptation and the relationship between them. The classes of flexibility can 
be distinguished, in relation to the type of change to be accommodated, and the type and 
amount of adaptation needed. This interrelated criterion will be adopted for the purpose of 
assessing the extent of flexibility of school building sample.
4.3. Development of Objective Method for Measuring flexibility;
Many deficiencies have been identified for measuring flexibility. These concern the lack 
of objective indicators and insufficiency of data for indicating change and adaptation in 
buildings (p. 3). To resolve these deficiencies, some reliable indicators have to be
developed and some criteria for measurement need to be established accordingly. Such
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criteria must be reliable, valid and sensitive enough for an objective comparison of the 
flexibility between different school buildings can be made.
By and large, two main measurement criteria can be distinguished from literature; the 
objective and the comparative (Building Systems Development, 1971). The former criterion has 
to be outlined and identified before undertaking the examination and should be quantifiable,
i.e. based on a measurable yardstick of shared understanding. On the other hand, the latter 
has to be established so that teaching spaces belonging to different samples can be assessed 
comparatively.
In this case, the comparison can be carried out according to what was originally proposed 
providing that any deviation, or mismatch, in use can be detected. This could be seen, for 
instance when change in the activity patterns and in area/size of teaching spaces are 
examined.
Both criteria can be deployed in this study to develop some indicators related to both 
change and adaptation, depending on the availability of information. Several indicators can 
be proposed for the purpose of investigation as shown in table (4-1). However, it seems that 
these indicators are interrelated and most likely associated with particular design aspects, 
nonetheless they will be dealt with and examined separately in this study.
4.4. Indicators of Organizational Change;
So far, several main indicators of organizational change have been identified, which 
include change in activity types, the use and function of the space, the size of learning 
group and the area of teaching spaces.
The above indicators represent various interwoven aspects of change of activity 
requirements, in terms of their allocation in the space and their interrelationship as a 
whole. Though some of these indicators have been extensively investigated in previous 
studies of flexibility (Farbstein, 1975; Maver, 1979; Al-Nijaidi, 1985), it w3l be very 
necessary to cull out some of them in this study to find out whether they are applicable in 
indicating flexibility of school buildings.
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Types and classes of flexibility
Organizational change
change change change











Relevant Design Aspect s Indicators of organizational Change
1. Spatial & functional 
aspects
a. Change of size of learning groups
b. Change of type of teaching activities
c. Change of activity pattern
d. Change of the area of teaching space
e. Change of use and function of space
Indicators of Adaptation in area/size of space
2. Constructional 
aspects
d. Expansion of teaching area.
e. Contraction of teaching area
f. Subdivision of teaching area







3. Contents system Indicators of Internal Adaptation of space 
(Spatial characteristics of space)
a. Interior cabinet (storage unit, shelves.etc.)
b. Movable and/or relocatable partitions
c. Height(s) of teaching space
(Technical & services characteristics of space)
4. Technical & environ, 
services.
5. False ceiling & 
lighting fixtures.
6. Utility services 
system & sanitary 
fixtures.
7. Openings system 
(windows & doors)
a. Adaptation in movable and/or 
place-fixed equipment
b. Adaptation in false 
ceiling & lighting fixtures
c. Adaptation in utility 
services (e.g. electricity 
telephone, water)
d. Adaptation in openings
Technical
modifications
Table (4-1): Matrix of possible classes of flexibility related to change and adaptation
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However, for the purpose of the analysis an attempt will be made to examine the 
reliability of only a few indicators of change and the criterion for measuring each of them 
will be outlined separately.
4.4.1. Change in Activity Characteristics:
It is evident that change in activities can be directly indicated in relation to changes 
in requirements of activities, in relation to the unit of accommodation which houses them. 
However, there is a need to analyse past studies of activity in order to develop those key 
issues related to change in school building.
Most of the past studies of activity have emphasized activity types, their characteristics 
and the pattern of change which occurred within certain organizations over time.
Much emphasis has been given to define the concept of activity. These definitions vary
considerably depending on the properties of activities. In some studies, activity was
thought to be a device for organizing information and not something which is different from 
other forms of behaviour.
A more general definition which seems to cover most accepted descriptions of activity was 
"the observable actions o f individual or groups" (Farbstein, 1975), which postulates that 
activities consists of overt behaviour which can be described by verbs of action, or
position. Despite the diversity of definitions, it seems that there is no universally valid
definition of activity, nor any commonly agreed upon categorization of activities and their 
subsequent classes.
However, the investigations about the properties of activities was also recognized to be 
relevant to the approach which was adopted in each study and the emphasis that was given. 
These studies have revealed more distinctive aspects of activities which were deployed as the 
main approaches for categorization. These approaches are; i) the description of the nature 
of activity, ii) the location in which it is performed, iii) the participant or the actors 
who took part in the activity, and iv) the distribution of time upon which the activity 
occurred (Farbstein, 1974:19). Though the scope of these approaches are more or less general
-101-
in their outcome, there seems to be some beneficial point and ideas which can be deployed and 
developed in this study. An attempt will be made in the next section, to discuss these 
points in relation to the change in activity patterns as follows.
4.4.I.X. Change in Activity Patterns:
A major emphasis has been given in past studies of activities to investigate the change in 
activity patterns in buildings. However, activity patterns could be defined as a description 
of the typical makeup or flow of activities for a population group, a class or an 
organization overtime (Farbstien, 1974:19).
From the preliminary examination, it appears that most of the past studies of activity are 
selective in the properties of activities which are incorporated, but that underlies a major 
misconception, since these properties can not possibly be separated from each other but are 
interwoven.
Also, it seems that the scope of most of these studies lacks comprehensiveness since they 
emphasize parts of the institution rather than the whole. For instance, measuring the 
variations in activity patterns without considering whether the population classes are 
internally similar, or comparatively related to different activity distributions.
In some studies the information about activities, was presented in the form of the 
percentage of members of a population class who participated in a given activity on a 
particular day (Bullock, et al, 1971). In other studies, both time-siot and duration were 
maintained and the data collection was made to simulate and predict future activity patterns, 
by using information gathered from diary studies (Tomlison, et al, 1973).
Nevertheless, measuring change in activities was found to be limited by many problems in 
the procedures of collecting the relevant data about change in activity requirements, 
(Al-Nijaidi, 1985:120) which need to be overcome in this study. The availability of data 
will enable an objective assessment to be made during any limited period of time.
Only a few studies have concentrated on analysing the demands of activities for technical 
sen/ices and environmental provisions, as well as, measuring communication patterns in
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developing criteria for clustering, locating and enclosing activities (Fawcett, 1978; 
Vickery, 1979).
In particular, three main approaches about activity patterns can be distinguished as 
related to measuring change in buildings. The first approach emphasized activity as related 
tQ-Qroup size, percentage of meeting time and room sizes (DES/ A& B Branch, 1972; Rawlinson, 
1972) The second approach emphasized activity related to space/time interface. (Markus, et 
al, 1972; Maver, 1979), while the third approach concentrated on the compatibility of sets 
oL activities to a space or set of spaces, as indicated in a mathematical model of 
adaptability, as proposed by Fawcett (1976b, 1978).
However, the third approach is characterized by being highly probabilistic in tackling the 
issue of activity matching to space in the future from purely abstract and mathematical point 
of view (Fawcett, 1978). This approach included an explicit assumption about the probability 
of allocating activities in school buildings, concentrated on their future flexibility, 
rather than the past real flexibility which makes it divergent from the approach adopted in 
this study for measuring flexibility. Additionally, the probability of being able to 
allocate activities to their units of accommodation is highly dubious and suspect since the 
activities are themselves changeable as time passes.
Also, it hardly considered or presented any operational technique for measuring change in 
activities and fell short of explaining the complexity of the nature of activities, 
particularly about how change has been carried out in other characteristics of activities. 
Furthermore, the method adopted in this approach did not classify aspects of change nor did 
it identify types of change or quantify their magnitude, which makes it beyond the scope of 
this study.
Contrary to that, it seems that the first approach is highly relevant to real flexfoility 
of school building, since it provides an insight into how the organization of activities 
housed in the building can fruitfully be m andated over time to achieve improved use of 
space. In this approach, a time-tabling and space allocation system has been developed and 
two important interdependent functions of activity related to the space have been
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distinguished; i) the nature of the activity and the type of facilities and their 
environmental requirements, and ii) the number of participants in the activities (i.e. size 
of users groups) related to areas of room(s) (Rawlinson, 1978). As it has an implication on 
educational buildings, the relationship between learning group sizes and areas of rooms has 
been investigated in past studies (Musgrove & Doidge, 1969; DES/A & B Branch, 1972:49).
The findings of these studies suggest that the range of room sizes is not adequately 
related to the size of the groups of users wishing to use them. This approach led to the 
development of the second approach, as distinguished in the studies of Building Performance 
Research Unit (BPRU). In these studies, the temporal variation, in the functional 
requirements of comprehensive schools sample was investigated, (Markus, etal, 1972) in terms 
of the relationship between activity and teaching space over time, where the degree of the 
mismatch between need and provision of both activity and space was measured.
However, such a mismatch was thought to start during the use of the building and to 
increase as time passed (Maver, 1979:12). It was attributed to the change in the timetable 
of activities, which may normally have a duration of one week or longer, where a larger 
number of different behavioural settings have to be accommodated. Also, it could be 
attributed to the change in the teaching methods and curriculum, which have led to 
considerable change of periodic activities which make up the timetable (Maver, 1979: Davies 
&Th’ng, 1972,1975).
A few main points about the significance of these studies in measuring change in 
activities can be distinguished; i) describing how the initial schedule of accommodation in 
school organization has been transformed and changed into another during use, ii) by 
revealing the behaviour setting of different group size and the way of performing activities, 
and iii) indicating how different subjects within the curriculum could affect the size of 
learning groups and their distribution as time passed particularly, when different groups can 
perform the same types of activities (Maver, 1979: 13-14).
Despite the many advantages underlying the above approach, few operational deficiencies 
could be envisaged; most of them were bound by the lack of information about activities and
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their time-tabling in the past and lack of data about the existing time-tabling. This might 
affect the reliability of measurements and ultimately restrict the comparison. Practically, 
even if some observational techniques are adopted for data collection, there are still some 
difficulties in achieving a desirable level of accuracy through continuous observations by 
researchers. Such difficulties could emerge, for instance, when detailed observation of 
teaching spaces is required, which could make the data collection process very laborious and 
not amenable.
These difficulties might necessitate adopting an exploratory approach through observation 
and discussion with users. This would allow points of significance to emerge, but this may 
require greater time as the sample becomes larger. Thus, a flexible technique of 
questionnaire and detailed observation is needed for gathering information from the users and 
different dimensions of activities.
Despite the usefulness of the questionnaire in some situations, detailed observation of an 
exploratory nature would be a much more adaptable method. This may enable a cross-checking 
of the layouts of the teaching spaces to be investigated and observation of the users at work 
to take place, discussing with them the nature of their activities and change in their 
requirements. Such informal discussions with users may highlight several points about users 
problems and areas of dissatisfaction.
4.4.2. Proposal for Measuring Change in Activity;
This study argues that change in activity can be measured in relation to teaching space, 
in terms of the degree of mismatch between the requirements of activities and the space, and 
how frequent that may occur over a predetermined period of time. The availability of past 
records of activities is very important, but when these records are not obtainable for 
whatever reason and for any of the school sample under investigation, this might result in 
unprecedented consequences, in terms of representativeness of the sample, and hereby lowering 
the number of comparable samples.
From the pilot study of a selected school sample, some clues about approaching the survey
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design by reducing the number of schools examined, were revealed, so that a higher degree of 
accuracy of investigation, can be ensured. This implies assessing change of a selected 
teaching departments rather than school buildings.
The arguments supporting the assessment of flexibility in teaching departments and not the 
school as a whole need to be discussed. In this respect, it seems that the whole school 
flexibility in use would be very difficult to achieve and would be very time-consuming and 
necessitate expensive resources which are not available.
Additionally, there are considerable problems concerning the lack of criteria by which 
such flexibility in use can be assessed. These problems are ascribed to many planning and 
design variables such as size of school and diversity of functions and activities housed in 
the school which have to be considered. On the other hand, though the criteria were 
identified and used in the investigation, flexibility of school building in use is a dynamic 
and changeable phenomenon, which would hardly allow such criteria to be adequate. These 
arguments would be applicable to the teaching department as well but to lesser extent than to 
the whole school.
Therefore, this study argues that, although teaching departments are not totally 
representative of schools, they can be considered a satisfactory indicator of the overall 
flexibility of the school buildings. Their significance could be envisaged throughout; 
firstly, they are the main organizational and teaching units within a hierarchy of school 
building, secondly, they vary in their design characteristics, such as the shape of the 
layout, types of activities they housed and their technical and environmental conditions, and 
hence, may enable us to compare their extent of flexibility in relation to these variations 
departments. And thirdly, they represent a basis for comparing different constructional 
methods and building systems. Though much emphasis will be given to assess flexibility of 
teaching departments a general assessment of the whole school building flexibility is also 
required.
For the purpose of measuring change in activity, a higher control of the selected sample 
should be ensured, and thus only two types of different teaching departments will be chosen
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for the purpose of comparison in the empirical study. Both types differ in terms of 
activities and their requirements which fall into the generalized (e.g. Humanities/Languages 
departments), and the specialized (e.g. CDT/Science departments). Three main 
characteristics will be considered for the purpose of assessment as follows:
i) The type of activities performed:
It is evident that teaching activities can be categorized according to four main types 
which have been proposed earlier (see p. 45); theoretical, light-practical, heavy-practical 
and movement and P.E. activities. Although such categorization is very useful in indicating 
change in the level of services of teaching spaces, it would be of lower validity in 
transforming any detailed information about the nature of activities.
Thus, an alternative categorization can be proposed depending on broad types of 
activities, or clusters of activities, which are easily distinguished, most likely recurring 
and commonly in use, such as general teaching, tutoring individualized activities, discussion 
and seminar, experimenting, project work activities and so on.
Such categorization, however, includes an implicit assumption about size of learning 
groups, in relation to the content of subjects within the curriculum. Nonetheless, the 
choice of learning group size is an arbitrary measure, which can be varied to suit specific 
requirements, but it is a more reliable criterion for indicating types of activities than 
others. Thus, by measuring change in types and number of activities, the extent of change in 
the characteristics of activities could be obtained for each space, which could then be 
averaged for all teaching spaces in the teaching department.
ii) The size of learning groups:
Size of learning groups was thought to be dependent on the type and nature of activity 
performed. It is very important to identify whether any change in the size of the learning 
groups has occurred, due to change in teaching methods, or the sequence of performing 
activities relating to change in time-tabling. In this way, any mismatch in the size of 
learning groups performing in each space could be measured during use, by comparing the
actual size with those originally proposed by the timetable. Furthermore, such a mismatch 
could be examined in relation to room areas, which may indicate any inadequacy, or 
appropriateness of the size of areas to their users.
iii) The time spent on performing activities:
This indicator measures the amount of change in the average period of time spent on 
performing each activity, or sets of integrated activities, and the average number of daily 
and weekly periods of time-tabled activities. Some complementary information regarding 
change in teaching methods, curriculum and teaching-aids is needed in relation change in the 
level of services of teaching activities.
4.43. Change in the Areas and Area Allocations of Space:
It is evident that assessing the amount of change in areas could help in indicating 
changes in the demand for activities housed in them at any particular moment of time. And 
also identify whether any improvement in the space allocation has been achieved during use 
and to diagnose the reasons behind such improvements.
An early attempt has been undertaken in the pilot study to test the validity and 
reliability of this indicator. Two main difficulties were identified; lack of previous 
records about different teaching and ancillary areas, and lack of standards of area 
allocation during the early design stage.
However, it was found that even If a yardstick for appropriate standards of area is 
identified, it will be inapplicable due to variations in area standards adopted in different 
schools. Also, teaching departments within these schools may differ in their area standards 
and they are most likely designed at different periods. Even if the amount and percentages 
of change is identified for each school building separately, this indicator will convey very 
little information about changes in activity and organizational changes, and hence will be 
abandoned.
A further attempt was made to develop more detailed indicators of changes in area in 
relation to certain teaching departments. Theoretically, this could be achieved by
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identifying changes in any specific space and by considering area and space standards, with 
some supporting data describing activities performed in that particular space.
In this way, the amount of change in area at two consecutive points in time, will enable 
measurement of change in teaching areas, over time, which could be averaged for any set of 
teaching spaces in any department.
Nevertheless, this procedure suffers from the same practical problems identified earlier 
in relation to; i) past records of space standards and allocated area per space, or type of 
activities, ii) lack of data to describe nature of activities and the number of users
involved in the past, iii) the differences in the quantification of teaching areas in
different schools.
Regarding the third problem, there seem to be significant differences in the planning 
policies adopted in both the converted and the new comprehensive schools. Many of the former 
schools were originally designed as grammar or secondary modern schools which were later 
converted into comprehensive schools (see Appendix-A1) (DES, 1968).
The problems of area quantification was found to be more complicated in new comprehensive 
schools, where the hierarchy of priorities forms part of the analysis of needs in these 
schools. Also, the unit of account of this quantification is, no longer, based on area per
pupil, but instead of that it will be area per workplace (see Appendix-A2) (Ader, 1976: 43).
Furthermore, the briefing of new comprehensive schools considered both the 
multidimensional facets of activities, and the amalgamation of both specialized and 
generalized accommodation, as opposed to those adopted in the converted schools, which are 
largely based on the separation of the above accommodation (see Appendix-A3).
In both converted and new comprehensive schools, area distribution for any particular 
time-tabling may also be affected by changes in teaching methods, which may involve increased 
use of teaching-aids and programmed work (DES & Welsh Office, 1980:54-56, 82-84). Such 
changes may be accompanied by an increase in the amount of practical work in the same 
subject. Nevertheless, the overall teaching area will remain the same, although it could be 
rearranged in different ways.
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In the light of the above deficiencies, it would be possible to arrive at an alternative 
measurable indicator for assessing change in areas, with respect to particular categories of 
teaching accommodation they housed. This indicator could be expressed by the percentage of 
change in area for each type (e.g. general-purpose, light-practical, heavy-practical, and 
large spaces). Also, it could be possible to identify the percentage scores of change in 
area per workplaces for each basic type of activity.
An exercise was carried out to explore the applicability of this indicator on several new 
and converted comprehensive schools depending on their previous records. As shown in 
Appendix-A4 to A5, considerable variations in the percentages of each type of areas were 
identified. These can be compared to those at present, and the amount of deviation can be 
used as a comparable indicator of change of areas between different school buildings.
Similarly, the above procedures can be applied to assessing change in area of different 
teaching departments, in terms of their percentage scores for this indicator. The extent of 
change can be compared between different departments, during any limited period of time, to 
indicate any change in their builtup area.
However, it was stated earlier that flexibility can be measured in terms of the extent of 
the change which a building permits, in relation to the amount of adaptation made to cater 
for such change which can be discussed as below.
4.5. Indicators of Adaptation:
Previous studies of flexibility pointed to some manageable procedures for measuring 
adaptation in buildings. However, greater emphasis was given to the operational cost of 
adaptation as a main indicator of the extent of adaptation in a building (Bottle & Piper, 
1970; Bottle, 1971; Vickery, 1979). Hence, by indicating all expenditures spent on 
conversion and adaptation, it could be possible to arrive at a reliable measure of
adaptation. This too will be dependent on the availability of past records and cost
information for each particular part of the building.
An attempt was made in the pilot study to examine the extent of adaptation of selected
teaching departments belonging to different school buildings, but this was found to be 
problematic resulting from a lack of comprehensive data about adaptation. Many other 
problems, emerged during the early contact with building surveyors, planning departments and 
the early correspondence with school administrators. In particular, it was found that 
neither comprehensive records about maintenance or adaptation cost are available, nor that 
any of these modifications have been indicated on plans of these schools.
Even if these records are available, they have often included the total adaptation cost of 
school building as a whole, rather than the departments, and hence, fall short in measuring 
adaptation. A further attempt was made to identify these relevant indicators of adaptation 
without considering the issue of cost and two main approaches were proposed as follows: 
i) Examination of the available records and drawings concerning school buildings and 
accounts of past situations, so a comparison could be made on a chronological sequence.
u) Detailed observations and description of school buildings, which aimed to quantify the 
type and the amount of adaptation undergone during a fixed period of time. This will be 
supported by questionnaire to gather information about the status quo of these buildings in 
use. In this way, the problem of lack of data was overcome, enabling many changes in 
building elements which have not been annotated on the plans or on other records, to be 
checked.
Two main specific indicators of adaptation can be proposed; firstly, adaptation in the 
area and size of teaching spaces, which might indicate the pattern of change in the spatial 
organization of teaching departments as a whole. In reality, adaptation in areas could be 
made by addition of adjacent teaching spaces, contraction, subdivision and addition of 
completely new teaching spaces. The overall extent of adaptation in any particular 
department could be measured in terms of the average percentage scores for each space.
Secondly, internal adaptation in teaching space, which might indicate the types of 
adaptation in the technical/environmental services and facilities within the teaching spaces. 
However, the data about adaptation could be manipulated to enable a hypothetical model of
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cost of adaptation to be developed, which may assist to compare the extent of adaptation in 
different teaching departments in terms of their cost of adaptation.
4.5.1. Alternative Measure of Cost of Adaptation:
As an extension of the above indicators of adaptation, a hypothetical model for assessing 
flexibility in terms of cost of adaptation can be developed in this study as an alternative 
measure of adaptation. This model, however, is based on extrapolation of percentages, 
concerning adaptation in areas and internal adaptation in teaching spaces into more 
meaningful cost indicators. It incorporates the parameter of cost of adaptation, as a 
variable, in allocating scores for adaptation rather than percentages. The reasons behind 
such a proposition are to overcome the problem of lack of records about cost of adaptation 
and to verify the previous claims about the effect of cost on the extent of adaptation of the 
buildings ( see pp. 23-24).
However, this study argues that by allocating some adaptation scores, for each teaching 
space, a more reliable measure of adaptation could be arrived at. However, this will be a 
very difficult task to achieve, due to many interwoven aspects that might influence the 
estimation of such scores relating to; a) aspects and types of adaptation (e.g. 
constructional, services and contents characteristics), b) the amount and frequency of 
adaptation, c) the area and size of the space which undergoes such adaptation and d) the 
level of services provision of that particular space.
Nonetheless, this study argues that the identification of cost of adaptation will deal 
with an ad hoc set of indicators corresponding to the above indicators and their constituents 
as indicated in table (4-1). Three main indicators of cost of adaptation are identified as 
follows:
i) Cost of adaptation of area, resulting from inserting or removing walls and or 
partitions, according to one or more of the possible ways of adaptation.
i) Cost of internal adaptation in the teaching space; which incorporates those aspects
of adaptation in the contents and facilities within the space. However, this study 
argued that these indicators could be aggregated into two main groups concerning the 
spatial characteristics and services characteristics of the teaching space.
iii) Cost of changing the level of services of teaching space, which only concentrates on 
the internal adaptation in technical and services requirements of the activities 
providing an additional measure to the above indicators. This indicator will be 
measured according to different source of information to those adopted in these 
indicators, and hence, enabling a cross-check to be made between them.
4.5.I.I. Assumptions of Measuring Cost of Adaptation:
Two proposals for measuring cost of adaptation and changing the level of services have 
been developed. However, proposals for measuring cost of changing the level of services of 
teaching spaces is outlined in Appendix-B, while proposals for measuring cost of adaptation 
have been developed from literature which can be outlined as follows:
i) Establishing a system of weighting of different indicators of adaptation by deploying 
previous records about the cost of construction of superstructure, including different 
building elements except preliminaries. However, this has been based on bills of quantities 
prepared and deployed in the construction of some secondary comprehensive schools which were 
indicated by cost per sq m o f area for each basic element of school building. The analysis 
proceeds to obtain the average percentage of each building element that might contribute to 
the overall cost. Later on, the relative cost per each element can be identified as shown in 
table (4-2).
ii) Weighting of indicators, by creating an association matrix to determine which of the 



















1. External walls 6.18% 14.73% 13.85% 9.59% 11.58% 5.20
2. Columns, primary 10.39% 7.72% 10.39% 11.13% 9.50% 4.2
beams and slabs — — — — ~
3. Upper floors and 3.47% - - - --
Roofing component: ; 4.70% 15.18% 14.05% 25.39% 12.46% 5.60
4. Floor finishings 6.84% 3.38% 6.50% 3.30% 5.57% 2.50
5. Walls finishings 3.62% - 4.10% 1.75% 3.62% 1.62
6. Ceilings finishing 6.22% 6.27% 4.98% 2.11% 5.82% 2.61
7. Internal partitions 8.33% 8.49% 6.87% 11.98% 7.90% 3.54
8. Openings (external 5.84% 8.74% 2.60% 1.05% 5.73% 2.57
walls and windows) - - - - --
9. Internal doors 2.03% 2.07% 2.58% 1.53% 2.23% 1.00
lO.Fittings and equip. 6.80% 7.30% 0.97% 7.05% 3.16
11 .Sanitary appliances 4.14% 3.72% 2.10% 0.46% 3.32% 1.50
and services — — — — —
12. Water and gas Inst. 3.52% 3.45% 3.48% 2.06% 3.50% 1.57
13.Bectrical and 8.88% 5.63% 5.15% 8.78% 6.35% 2.94
communication inst.
l47Heating and 16.03 16.76% 14.33% 18.54% 15.70% 7.04
ventilation systems
15. Heat source — 0.72% 1.61% — -- 0.58
O  The average percentages of each elemental costs in four schools.
(x) The average percentage of cost per each building elements has been calculated according 
to the percentages indicated in the five schools, except when there are greater 
variations in the design and building materials used.
1. DES, (1975), *Maiden Erlegh Secondary School”,Building Bulletin No.48, HMSO, p.68
2. DES, (1978), *Sedgefield Secondary School, Durham, Phase II, Base for first year and 
music”, Design Note No. 21. Architects and Building Branch, HMSO, p. 26.
3. DES, (1976), *Guillemont Junior School, Famborough, Hampshire”, Building Bulletin No.
53, HMSO, P.22.
4. Barbrook, R., (1986), "Famborough College of Technology; Cost Comments”, The 
Architect’s Journal, 26 Nov. 1986, p.51.
Table (4-2): Analysis of percentages of elemental costs at the tender stage of 
four comprehensive schools.





A1 A2 A3 11 12 13 (4 15 16 17 18 19 110 111
112
1. External walls 5.20 I
2.Columns,beams& slabs 4.2 i 1
3.Upper floors/roofing 5.60 I I
4 Floor finishings 2.50 I I 1
5.Walls finishings 1 62 1 I I
6.Ceilings finishing 2.61 I 1
7.lntemal partitions 3.54 1 I 1
8,Openings (external) 2.57 1 1
9.lntemal doors 1.00 1 1
10. Fittings and equip. 3.16 1 1 1 I 1
11.Sanitary services 1.50 I
12. Water and gas serv. 1.57 1 1
13.Electrical install. 2.94 I 1 i 1 1
14. Heating/ventilation 7.04 i i 1 1
15 Special install. 0.58 1 1
Derived 18.9 7.7 37.4 3.5 3.2 2.5 3.1 6.6 2.6 2.9 3.1 6.0 7.1 3.3
Weightings
A1: Addition of adjacent teaching space 16: Change in the no. of openings
A2: Subdivision of teaching space. 17: Adaptation in utility service (A)
A3: Addition of new teaching space. 18: Adaptation in utility services(B)
11: Change in movable partitions. (e g water supply.sanitary instal)
12: Change in interior cabinets. 19: Change in lighting/false-ceiling)
13: Change in the movable equipment 110: Adaptation of environmental serv.
14: Adaptation in place-fixed equip. 111: Addition of computers/micros.
15: Adaptation in the height of space. 112: Addition of audo-visuaWideo.
Table (4-3): Association matrix between indicators of adaptation and relative 
cost of different building elements.
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iii) Summation of indicators of adaptation and normalization of resulted scores to the 
lowest weighting scores (13). Hence, relative weighting scores for each single indicator of 
adaptation could be identified, as shown in table (4-4), so that a comparison and assessment 
of cost, with respect to adaptation of area of teaching spaces and the internal facilities 
within them, could be made.
On the other hand, further aggregation of scores in all, or in part of these indicators 
can be made by substituting the occurrence of adaptation in each particular space with its 
corresponding weighting scores.
Summation of weighting scores of adaptation indicators
Indicators of 
Flexibility




18.9 7.7 37.4 3.5 3.2 2.5 3.1 6.6 2.6 2.9 3.1 6.0 7.1 3.3
NormaSsed
Weightings 7.4 3.0 14.5 1.4 1.2 1.0 1.2 2.5 1.0 1.1 1.2 2.3 2.4 1.3
Table (4-4): Relative weighting scores of cost of adaptation
Given the variations in areas of teaching spaces and the difficulty of identifying the 
extent of adaptation for each indicator, it becomes necessary to cross-check any possible 
type(s) of adaptation through detailed observations. A modified design layout indicating all 
alterations made during use will be drawn and prepared consequentially. In this way, a 
reliable measure of cost of adaptation could be arrived at by incorporating the area of space 
and the aspect(s) of adaptation expressed by its weighting scores.
A mathematical formula could be developed by multiplying the weighting adaptation 
scores(ws) by the areas of each space and obtaining the average scores for all spaces
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examined, then the Index of Adaptation Scores (IAS) proportionates with area, could be 
identified for each department expressed by the formula:
(IAS) = (ws * A ) / N
Ws = Weighting Adaptation Scores
A = Area of Teaching Space
N = Number o f Teaching Spaces
4.6. Development of Subjective Indicators for Measuring Flexibility;
The previous sections investigated the development of a direct, objective method for 
measuring flexibility. This section concentrates on developing some subjective indicators of 
flexibility of school building which will be arrived at indirectly through; i) users' 
psychological responses to the change and adaptation in the physical design aspects of their 
school buildings, and ii) users' perception of flexibility in their own teaching spaces.
An attempt will be made to develop these indicators in correspondence with the previously 
mentioned definitions of flexibility, in relation to the influence of the socio-pedagogical 
and psychological aspects of teaching process on flexibility.
Many subjective measuring techniques can be distinguished in past studies, particularly, 
users' perception and verbal responses techniques, which were considered to be an appropriate 
tool for obtaining data about users’ interaction with their built-environment. An attempt 
will be made to examine the reliability and validity of these techniques before any 
application in the empirical study is made.
4.6.1. The Objective versus Subjective data:
Previous sections indicated that flexibility is a complex and a multi-faceted concept, 
encompassing different materialistic and perceptual meanings. Dulhosch (1973) argued that 
"the perception o f flexibility in human experience is both sensory i.e. materialistic and 
intellectual i.e. phenomenaF. From this definition, it seems that flexibility has a 
perceptual meaning, additional to those identified earlier where users’ manipulation, 
intervention and perception may determine the extent with which flexibility may be achieved.
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Thus, there is a necessity to explore those hidden psychological dimensions or facets of 
flexibility and to examine their links with the real, materialistic, dimensions, meanwhSe a 
distinction between these two facets has to be maintained. Primarily, this may suggest 
incorporating the users of school buildings, for whom the flexibility is to be advocated, if 
a clear understanding of flexibility is to be achieved. The psychological dimensions could 
be indicated through some subjective indicators, as complementary to those concerning the 
real dimensions of flexibility. The relevance between objective and subjective data can be 
envisaged through the duality of measuring techniques and the comprehensiveness of data that 
may be provided about different physical and psychological aspects, as assessed by its own 
users (Markus, etal, 1972: 60-72).
As a distinction between objective and subjective techniques, the former are direct tools 
aimed at measuring physical building aspects, in more numerical values, subjected to 
instrumentation and manipulation. On the contrary, the latter can only be seen as largely 
different from design consideration and indirect tools, since they deal with the less 
predictable aspect of design i.e. users’ psychological responses to their building (Brill, 
1972: 316-319). However, the applicability of subjective techniques have evoked much 
controversy about their importance as a basis for further building evaluation which needs 
further discussion.
4.6.2. Users* Perception and Verbal Responses Criterion!
It was recognized that the corner-stone upon which subjective techniques are based in 
practice could be embodied in a matrix of relations between a trio of factors; i) the users 
or respondents ii) the stimuli i.e. the physical and environmental aspects and iii) the 
responses, i.e. users’ perception and verbal expression (Canter, et al, 1975). Both users 
and stimuli are highly related and have to be examined in relation to a point of time at 
which the assessment may take place.
The importance, of users could be seen as a tool for gathering data where their 
psychological responses may indicate the quality and the appropriateness of the building
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environment in which they worked and their dissatisfaction with or acceptance of certain 
features that environment (Canter, et al, 1975:338). On the other hand, the importance of 
responses will highlight the issue of criteria for evaluation and the selection of the 
appropriate measuring units.
However, by adopting subjective measuring techniques, some methodological problems may 
emerge. These largely concern the acceptability of such a particular form of information and 
the extent to which they may contribute in the research practice. Other main problems can be 
identified; firstly, the personal variations, secondly, the underlying dimensions of users 
perception, their reliability and validity and thirdly, the representativeness of responses.
With respect to the first problem, it was shown that personal variations may emerge due to 
variations in users’ expectation as to how their close intimate environment has been tailored 
to match their own requirements (Presier, 1972:111-116). However, it was generally argued 
that users have different expectations and demands of their building (Gutman, et al, 
1974:320-329). Also, there seem to be many other variations related to their personal 
experiences, background and attitudes, which make their perception about the same quality, or 
features, of their built environment most likely different.
Meanwhile, both perceptual and verbal responses may vary according to the aspects of time 
and location of the user in the building. Even if a building contains repeated identical 
spaces, it is highly likely that change could have occurred, and hence, users’ responses will 
be different (Pfeiffer, 1980:36). Furthermore, users’ perceptual responses, i.e. what 
people see in the environment, may also vary over time, and hence, their verbal expression 
(i.e. what people feel about the environment), will also vary (Zeisel, 1981).
The second problem concerns the reliability and validity of users’ perception and whether 
they actually say what they really feel towards the specific aspect of that particular 
environment. Zeisel (1981:182) recognized the difficulty between asking people what they 
think and pre-testing them with questions which may give very primitive information. He 
argued that "people make sense of their surrounding by observing them with all their senses 
and then organising and interpreting what they observe. This interpretation in turn has
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consequence for what they do to the environment".
Lack of clarity and understandability of the questions may emerge, due to the adoption of 
technical language, leading to wider scope of personal interpretation. Also, It could be 
ascribed to using very simple words with implicit double meaning (Oppenhiem, 1973).
Nonetheless, users' responses could be manipulated either according to their expressed 
meaning, or exploring their underlying psychological dimensions such as satisfaction, 
appropriateness, effectiveness and so on (Canter, 1977).
The third problem concerns the representativeness of responses and lack of evaluative 
measuring criteria. Specifically, whether the responses actually represent the buildings 
which are meant to be examined and whether the responses can be manipulated and quantified 
into more numerical and comparable scores. Both problems could be dealt with by establishing 
some criteria for selecting the sample and creating a comparable unit or scale of 
measurement. The criteria should be appropriate and accurate measures of overall evaluation.
It should be based on similar building types, and similar category of users (Zeisel, 1981).
In this way, the average responses score of any group of users, within any building, could 
be considered as a basis for comparison between individual buildings. Meanwhile, all 
responses have to be dealt with independently of the actual buildings for the purposes of 
assessing certain building aspects. For instance diagnosing the existing deficiencies and 
the trend of change, enabling some remedies and prognosis to be drawn. It is the point of 
emphasis that may determine the procedures for manipulating the data which has to be followed 
in any assessment of building by their users.
In spite of the above problems, this study argues that users' perceptual responses are 
highly likely to be a reliable and valid criterion for assessing and comparing flexibility of 
school buildings, but only when these problems are resolved or minimised. The main 
assumptions supporting the above argument could be outlined as follows:
H The users* responses:
It is highly likely that the responses of the main group of users, i.e. heads of
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departments and teachers, may be accepted on the basis of reliability, based on the 
assumption that t:hose users are consistently and regularly performing in the same teaching 
department. Thus, it is highly likely that the majority of their time will be spent in the 
same space(s). This may imply that their daily interaction with different aspects of their 
teaching environment is a reliable indicator of any demand for change and adaptation. In 
other words, their personal perception is highly likely to be consistent, on condition that 
they use the same spaces on a long-term basis. This may equally imply that these responses 
are valid at any particular point of time when the examination made.
Such underlying variations in users’ responses concerning the clarity of questions could 
be eliminated, or reduced, by restricting the way questions may be answered, in terms of the 
formulation, construction and the probable options given. This will be supported by a 
control on administering the questionnaire identifying the level of refinement the answers 
might achieve.
Accordingly, this study suggests that a preliminary structured-questionnaire and 
observation methods are highly necessary, prior to administering the final questionnaire, as 
well as ensuring that such problems of users’ interpretation, and personal variations are 
minimised. In this way, a relatively reliable and comparable data to be obtained eventually. 
Meanwhile, the average of perceptual responses for each department, or group of them, may 
enable an empirical generalisation to be made.
Similarly, users’ verbally expressed opinions about change and adaptation in the 
facilities within their own teaching spaces, will also be a valid and reliable measure in 
indicating flexibility over time and in diagnosing the strength, deficiencies, satisfaction, 
etc., in these spaces.
ii) The stimuli:
It is obvious that as stimuli changed, users' responses will be changed and varied 
accordingly. In this way, users’ responses to change and adaptation in the teaching spaces 
could be indicated over any predetermined period of time. Meanwhile, any variations in these
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responses will be meaningful to indicate how different types of change and adaptation were 
accommodated. This provides an insight about; i) any improvement or lack in teaching space 
provision, ii) any organizational or activity changes and ii) the internal and the spatial 
adaptation of teaching space.
So far, the arguments for adopting subjective techniques for measuring flexibility were 
discussed and the problems of reliability and validity underlying them were examined. 
However, there is supporting evidence to accept the argument that users’ perceptual and 
verbal responses can be considered as indirect measures of flexibility, rather than the 
counter argument. This criterion can be considered reliable and, to a certain extent, valid 
as a basis for gathering subjective data from different groups of users. An attempt will be 
made, in the next section, to explore and develop some of these perceptual measures.
4.&3L Subjective Indicators of Flexibility;
From the previous evaluative studies, many subjective indicators concerning users’ 
responses to the teaching environment can be distinguished. Only five main indicators 
relevant to flexibility will be developed and proposed as follows.
0 Appropriateness and ease of change and adaptation,
u) Perception of cost of change and adaptation,
iii) Effectiveness of change and adaptation,
fv) The present demand for maintenance, 
v) Users’ satisfaction.
The first three indicators will provide a basis for comparison between different school 
buildings and groups of buildings On the contrary, the last two indicators could be 
indirectly be helpful to diagnose other design deficiencies and to identify those problems 
related to their flexibility. The main assumptions concerning the reliability and validity 
of these indicators can be examined as follows;
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i) Appropriateness and easiness of change and adaptation-Indicator (A):
Both appropriateness and ease of change are interrelated concepts and have been used, 
synonymously in previous studies. Both terms describe the level of suitability of managerial 
procedures that might be followed to achieve certain desirable objectives, such as change and 
or adaptation which make the building satisfy the current users more.
Attempting to make the building more responsive, it was argued that the most important 
aspect that influences users is the ease with which a building can be modified and changed 
(Papagorgiu, 1982:31-34; Gutman, etal, 1974:325).
However, this study argues that if school buildings are to fulfil their objective and 
other users’ requirements and expectation for change, then users themselves should be 
considered in such an evaluation process. It considers users’ intervention to accommodate 
change of primary importance, and thus, once users are omitted from the evaluation, the above 
criterion will be inadequate.
In practice, both school administrators and architects are more concerned with such 
intervention and improvements in their schools. Similarly, users may also contribute to 
diagnosing design deficiencies in their spaces, such as inadequacy of area, lack of 
circulation and so on.
Hence, by asking users about the ease of change and adaptation, their priorities about the 
aspects which necessitate improvements or adaptation would be drawn, highlighting the most 
and less urgent aspects demanding change or adaptation. Nonetheless, as change is more 
amenable than adaptation in physical building elements, such criteria may indicate these 
variations between different school buildings in relation to the priorities of change.
ii) Perception of cost of change and adaptation-Indicator (B):
It is obvious that the availability of financial resources is a determinate aspect for 
facilitating change and adaptation (see p. 24, 50). It is also evident that the ease of 
adaptation is determined by the type of building element to be adapted. This may not occur 
uniformly throughout a building and it is known to occur in basic structural parts, but is
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most likely to occur in services (OECD, 1976).
It is also feasible that certain building parts may exhibit different amounts of 
adaptation over time. This is highly affected by cost of adaptation, which encompasses both 
material and labour costs. Though adaptation costs can be indicated through maintenance 
records of school buildings over any limited period of time, these records were found to be 
extremely difficult to obtain (see p. 111).
Therefore, this study argues that the problem of lack of records, can be overcome by 
adopting an alternative method for gathering data about costs of adaptation by examining both 
users’ and decision-makers’ opinions.
Given that the respondents in the latter group are most likely to be aware and experienced 
in dealing with the problems of change and adaptation, this study suggests that lack of 
records could be resolved, and hence, cost of adaptation can be indicated on a very 
subjective basis, depending on users’ experiences. The study assumes that headteachers are 
also aware of such managerial and technical procedures concerning the demand for adaptation, 
and hence their role as a co-ordinators or mediators in the management process, could also be 
highlighted.
The above criterion will also be of higher importance in indicating how 
priorities were structured and how financial resources were deployed, highlighting any 
operational difficulties that may influence the accommodation of change in their schools.
Different physical aspects will be incorporated, according to this criterion, principally, 
the area/size of spaces, constructional elements, finishings, and the contents and facilities 
within teaching spaces. In this way, a subjective comparison of the extent of change and 
adaptation between different school buildings, can be arrived at.
Ironically, even though the demand for change, or adaptation in school buildings is easily 
attainable, the amount and the frequency with which it may occur, is highly related to the 
attitude of school administration towards spending money on a particular teaching department. 
This, however, may depend on the importance and the prestige of the departments involved.
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iii) The effectiveness of change and adaptation-Indicator (C):
It is evident that flexibility of buildings is a desirable characteristic. This implies 
that its ultimate objective is to improve the operational efficiency of these buildings. By 
measuring the effectiveness of change and adaptation indicated by users’ responses, an 
alternative perceptual measure of flexibility could be developed.
Different meanings of effectiveness in use have been identified in past studies of 
building evaluation, which was used interchangeably with the term efficiency, and need to be 
clarified (Oddie, 1974:25-34).
As a distinction, effectiveness has been defined as "the evaluation of the efficiency of a 
building" which in turn "concerned with meeting the administrative objectives to maintain the 
highest possible standards using the minimum resources" (Jajo, 1987:136). However, previous 
studies shared the idea of assessing and improving building efficiency without emphasizing 
the quality of provision and benefits attained for users (SSBRT, 1976:10). In these studies, 
efficiency was considered in relation to functional characteristics as incorporated in the 
design of a building, related to the technical aspect and economy in the provision. Also, it 
is a measure of performance which can be indicated in more quantifiable and technical terms, 
such as running costs per sq. m, rate of utilization, and so on (SSBRT, 1976:10).
Contrary to that, effectiveness describes the impact of that building on its own users, in 
relation to its objectives, as indicated by their daily use. Therefore, it can be argued 
that users assessment, in terms of the impact of change and adaptation, is psychologically 
meaningful for the purpose of indicating and comparing different school buildings. Also, 
this might provide an insight into the most crucial design aspects which contribute to 
improve the operational efficiency of their schools.
iv) The present demand for maintenance-indicator (P):
This indicator might diagnose the present deficiencies in the level of maintenance that 
may occur, due to the problems of obsolescence and deterioration of fit in different physical 
aspects of school buildings.
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However, these problems were extensively discussed earlier (see pp. 18-19) with respect 
to the physical and functional obsolescence and their influences on the performance of 
building over time. Both time and change in buildings is axiomatic to maintenance. The 
demand for maintenance and repairs emerges during post-occupation and increases over time 
(SSBRT, 1976:11; Cowan, 1965:1395-1401).
Nutt and Sears (1972) stressed that the rate at which obsolescence may occur, is highly 
relevant to the age of the building, referring to the time that elapsed between when the
building was built and initially occupied and the moment of investigation.
Turner (1967:940) argued that "every part o f the system is likely to have different rate 
o f obsolescence and this might necessitate, rehabilitation rather than reconstruction,
piecemeal rather than comprehensive redevelopment'\  He thought that economy in building
could be achieved by; "predicting the rate o f obsolescence of different components; 
Separating components o f different rate of obsolescence,..., and creating an organization 
capable of managing this process".
He added that the decay in building materials and services components and their 
performance is relatively predictable and can be well controlled. Furthermore, the ease of 
adaptation in these components is highly dependent on the ease of accessibility for 
replacement (Turner, 1967).
However, this study argues that the present demand for maintenance could be considered as 
an operational measure of subsequent expectation of performance of building components, and 
hence, the higher the demand for maintenance, the lower is the level of performance. 
Assessing the present demand for maintenance might imply that different groups of 
descision-makers need to be incorporated, such as administrators, architects and building 
surveyors.
Both availability of maintenance and adaptation are highly dependent on the willingness of 
educational authorities to pay. Both are also affected by many other subjective aspects, 
such as users' choice and preferences. It will be necessary for this study to find out 
whether different types of adaptation are imposed by maintenance, or catered for change.
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This may enable some distinction between the two processes to be drawn.
Several key aspects could be incorporated, concerning the constructional 
elements, finishings, openings, utility and environmental services. These aspects, however, 
may vary in their performance, rate of obsolescence, and level of durability, and hence, 
their demand for maintenance may vary accordingly.
y) Users* satisfaction-Indicator fP):
User satisfaction was considered in the past studies to be the most prominent perceptual 
indicator of building evaluation and has been extensively investigated in these studies 
(Markus, et al, 1972:75-76; Presier, 1972:111-116). In school buildings, users’ 
satisfaction could provide some clues about the appropriateness of different school aspects 
in use, by indicating their satisfaction with change in teaching environment.
However, in these studies, it was thought to be psychologically meaningful to consider 
users’ reaction in relation to three factors; classroom satisfaction, location and 
distraction. These factors have been considered as criteria for assessing the status-quo in 
which the teacher finds himself. Meanwhile their validity and reliability have been tested 
and considered to be adequate for assessment and comparison between different school 
buildings (Canter, 1975; Mc-Dowell & Kishchuk, 1982)
The above factors are composed of six independent dimensions, which were thought to give a 
broad overview of the highest level of generalization about users’ reaction to school and 
concerned; users’ satisfaction with classroom area and size, adequacy of equipment, display 
and. -Storage., space, general satisfaction with the school building as a whole, perceived 
centrality and .lhe ease of accessibility and satisfaction with environmental aspects (i.e. 
heating, ventilation and lighting).
Given the above reactions, this study argues that users’ satisfaction criterion can be 
adopted and developed to measure flexibility, by considering whether there is any substantial 
variation in users satisfaction between two points in tim e.
From the preliminary analysis, some relevance between users’ satisfaction and flexibility
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could be envisaged, for instance, if users were asked about their satisfaction with area and 
size over a predetermined period of time, then their responses can be interpreted in relation 
to whether any substantial adaptation in area of the spaces has occurred or not.
In both cases users may, or may not, be satisfied with the particular space which they use 
regularly, and hence, the degree of suitability or inadequacy of area could be explained 
differently. Meanwhile, the same assumptions are implied regarding satisfaction with the 
internal adaptation in the contents and facilities within the space.
On the other hand, the dimension concerning centrality and position of teaching space is 
very important in indicating flexibility, in relation to how change in the location and 
pattern of communication between spaces may affect the extent of flexibility. Despite that, 
centrality will not be considered in this study for measuring flexibility, and hence it will 
be considered as a control design variable.
4.7. Proposed Indicators for Measuring Flexibility of School Buildings in Use:
From the preceding sections several objective and subjective indicators of flexibility 
were proposed which can be outlined as follows:
4.7.1. The Objective Indicators of Flexibility;
From the multiplicity of indicators of change and adaptation, it becomes very important to 
specify the key indicators and some distinction between the general and specific indicators 
has to be drawn. Given the type of information demanded about flexibility and the level of 
specificity required, two data collection methods can be deployed; firstly, by researcher. 
who will take part in examining and observing the physical trace of change and adaptation in 
different school buildings. Secondly, by users, who may provide further supporting empirical 
data about different types of change and adaptation, which would probably occur in their 
particular teaching spaces.
This might primarily suggest adopting a questionnaire as an efficient measuring instrument 
for gathering a wide range of data which will be cross-checked with those obtained by
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detailed observation. Two problems concerning the role of users can be identified 
as follows:
I) The limitations of the time interval in which such information has to be collected. 
This may highlight the issue of users’ awareness of changes that have occurred in their 
particular teaching spaces prior to their occupation.
ii) The difficulties emerged during the analysis and manipulation of the gathered data in 
the pilot study, due to the overlap and multiplicity of the indicators. This may suggest 
further aggregation of those relevant indicators, if a questionnaire technique is proposed 
for data collection.
The above problems suggest simplifying the process of data collection and further 
aggregation of flexibility indicators has to be made, resulting in further reduction in the 
number of questions that have to be addressed to users in the questionnaire format. Two main 
types of indicator are proposed and outlined as follows:
4.7.1.1. General Indicators of Flexibility;
These indicators refer to the achieved flexibility in school buildings as a whole and the 
required data will be obtained from both headteachers and their deputy headteachers. Only 
two main indicators have been proposed :
Indicator one : The pattern of change in the capacity of the school.
Indicator two: The percentages of change and adaptation; which incorporates an
aggregation of sub-indicators related to constructional, technical and environmental
services of school buildings, as shown in Appendix-C.
4.7.1.2. Specific Indicators of Flexibility:
These indicators refer to the flexibility of teaching departments and the required data 
will be obtained by head of departments and teachers. The gathered data will be crucial to 
arriving at an overall assessment of flexibility and for theory verification and testing the 
research hypotheses. The arguments supporting the assessment of flexibility in teaching
-129-
departments and mot the school as a whole have been put forward, (seep. 106) Several main 
specific indicators were identified as follows:
Indicator one : The change in the function and use of the teaching departments.
Indicator two : The adaptation in the area and size of teaching spaces: which incorporates 
an aggregation of the sub-indicators regarding adaptation by addition of adjacent teaching 
space, subdivision of the space, and addition of completely new space(s).
Indicator three: The organizational change in teaching space, which deals with change in 
the requirements of activities housed in the teaching space. It incorporates an 
aggregation of sub-indicators related to the characteristics of activities.
Indicator four. The Internal adaptation in teaching space, which investigates different 
possibilities for internal adaptation, regarding the physical building aspects and the 
contents of the space. It incorporates two main aggregation of sub-indicators regarding 
the spatial and services characteristics. Description of the above sub-indicators is shown 
in the questionnaire format in Appendix-D.
4.7.2. The Subjective indicators of flexibility;
These indicators are related to school buildings and the data will be gathered from the 
decision-makers and headteachers of schools. Five main subjective indicators of flexfcility 
were identified, as follows:
Indicator (A)-User’s perception of the appropriateness and ease of change and adaptation. 
Indicator (B)-User’s perception of the cost of accommodating change and adaptation.
Indicator (C)-User’s perception of the effectiveness of change and adaptation.
Indicator (D)-User’s perception of the present demand for maintenance.
Indicator (E)-User’s Satisfaction with the their schools.
A detailed description of the above indicators is shown in the questionnaire format in 
Appendices-C and D.
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4.8. Proposal for Data collection Techniques:
Following the diversity of data for measuring flexibility and the nature of the research 
hypotheses, some proposals for data collection methods are needed. However, it was generally 
thought that no single method of obtaining data to test hypotheses is perfect, since each 
method has its own inadequacies which could lead to the possibility of rival hypotheses 
explaining the findings (Van Delan, 1979: 128).
Given the many problems revealed in past studies of flexibility, particularly, the 
inadequacy of data collection methods, this study argues that more than one measuring 
instrument is required for measuring flexibility, which include; i) the questionnaire, ii) 
detailed observation, and iii) interviews.
Both questionnaire and detailed observation can be considered as the main measuring 
instruments for acquiring data, compared to the interview which could be considered to be 
supplementary. However, it seems that the type of information obtained by interview is 
amenable to interpretation and selectivity by the researcher own intuition, due to the wider 
range of data he seeks. This is equally implied for questionnaire and detailed observation 
which could be criticised on the basis of reliability and subjectivity, but to a lower 
extent.
Despite the above disadvantages, interviews seems to be more interactive and analytical by 
its nature, supporting the observation and the questionnaire and enabling a discussion about 
the issues to be researched in parallel. Also, it may allow points of significance to emerge 
which might otherwise require more time.
Hence, we believe that the three measuring instruments could be adopted in this study, but 
this might imply further reduction in the size of sample, concentrating on particular 
departments of school buildings to ensure indepth investigation and a higher level of 
accuracy of measurements.
4.8.1. The Questionnaire:
This study argues that the questionnaire is the major component for data collect ton, as
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compared to the preceding instruments. In particular, it will enable data to be gathered 
from different teaching departments, that a comparison can be made in terms of their past 
change and adaptation in relation to the present.
Several advantages of the questionnaire could be foreseen when the other instruments are 
not usable for any reason and in cases where schools are out of the reach of the 
researcher, and when site-visting is not possible. There are many other advantages, such 
as its efficiency in coping with a large number of selected schools that have to be examined, 
and the large number of users which have to be questioned. Meanwhile, to overcome the 
dispersion of schools around different regions, the questionnaires could be mailed directly 
to each particular group of respondents (Zeisel, 1981:103; Oppenhiem, 1973:30-34).
There are also advantages relating to the particularity of types of data that need to be 
gathered, and its usefulness in refining and measuring data on a more numerical basis which 
may facilitate their analysis and manipulation in comparable way.
Further advantages of the questionnaire lie in the comprehensiveness of the data that will 
be collected for the most relevant indicators and not only for those for which records are 
available. This might enable users, for instance, to report detailed information about 
change in activities, or about the extent of adaptation which is often reversible and not 
reported on the plans.
A few disadvantages, can be identified, such as the probable bias of the collected data 
which results from the users' misinterpretation, construction, wordings and understandability 
of questions. These could be dealt with by careful restructuring and piloting of the 
questionnaire on a selective group of users before being sent to the whole school sample. 
Another basic disadvantage of the questionnaire was the yielding of soft, rather than hard 
data for hypotheses verification. However, this could be compromised by other advantages 
such as comprehensiveness of the collected data, larger size of sample and a higher rate of 
response.
It was decided that the questionnaire and the questions to be asked are mainly of the 
multiple-choice and closed-ended type. Three main types of questions have been asked to
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obtain a necessary background, factual and perceptual data about flexibility.
The data will be obtained from the two groups of respondents; the decision-makers who 
supervise schools and users of these schools. Taking into account the variety, the accuracy 
and the accessibility to the data required, and the degree of users representativeness, 
neither pupils nor teachers have access to the type of data needed concerning the flexibility 
with respect to school building as a whole.
On the contrary, heads of departments and teachers will be accessible to the detailed data 
about their own departments and teaching spaces which they regularly use and where they spend 
the majority of their time.
However, from the early correspondence with county architects and building surveyors, 
little enthusiasm for co-operation was shown. This is beyond the control of this study but 
it is worthy to note that only in a few cases major assistance and co-operation was given, 
which is greatly appreciated. Hence, it is highly unlikely that this group of respondents 
would participate in gathering information, but there were some exceptions.
To summarize, prior to assessing and measuring flexibility, two sources of information 
have to be gathered through the questionnaire, detailed observation and interviews. Other 
construction and technical information will be gathered from school design literature, while 
design layouts will be obtained from architectural journals and previous studies carried by 
the Department of Education and Science.
4.8.2. Pre-testing the Questionnaire;
It becomes necessary for the objective of this study to test the questionnaire before 
administering the survey. A pilot study was undertaken and a preliminary version of two 
types of questionnaire for both groups of users was distributed to a number of schools around 
Bath and a selective number of respondents in the School of Education at Bath University. 
This aims to test the structure of the questionnaire and the understandability of the 
questions.
Some very enthusiastic remarks and suggestions emerged in the pilot study concerning the
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contents, the clarity of the questions and the degree of relevance of questions to the actual 
aspects of flexibility which were meant to be examined. These gave a necessary momentum for 
the next stage of elaborating the final version and refining the questions with a few minor 
amendments. The purpose of the two types of questionnaire was to investigate the responses 
of two groups of users which differed in the type of information, and the degree of detail 
required to measure flexibility in use.
Both questionnaires are self-adminstered. There was a concern initially, after reviewing 
several other instruments, that they might prove to be too lengthy to be answered. However, 
in the light of the amount of information available, it was decided to simplify the language 
and format. Checking the length of the questionnaire in the test has led to a reduction in 





Previous chapters indicated that there are different school design layouts and different 
design variables, and these influence their flexibility in use. The primary objective of 
this study is to examine the relationship between these variables and flexibility of school 
buildings in use. This will be achieved by incorporating a number of design variables in a 
study of representative teaching departments, in order to assess the relationship and to 
test the research hypotheses.
This chapter outlines the organization of research design of the empirical work needed 
to satisfy the prime objective of the study. It examines; i) the variables and their 
relationships, ii) the hypotheses, iii) the sample of school buildings, iv) the proposed 
system of measuring design variables and flexibility, and v) the development of empirical 
data for descriptive and inferential statistical analysis.
52. The Variables:
The theoretical framework of this study is composed of two main groups of variables; 
the school design variables (the independent variables) and the flexibility of teaching 
departments as representative of flexibility of school buildings (the dependent variable). 
This study argues that such a distinction will be necessary due to the multiplicity of the 
variables that have to be tackled in the empirical study. Both the independent and 
dependent variables can be outlined as follows;
5*2.1 Independent Variables:
There are many design variables and characteristics which have to be analysed in each 
case of the study sample as shown in figure (5-1). In literature, these variables have 
been described, cited and interpreted differently, so that neither a common agreement about
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their terminologies, nor proposals about their measurements, have yet been clearly made. 
However, this study has established some operational definitions and measures of two design 
variables related to modularity. These include the similarity of areas and uniformity of 
structure.
Proposals for measuring similarity of areas have been adopted from the previous studies, 
while proposals for measuring uniformity of structure were developed in chapter III (see 
pp. 87-88).
Additionally, several descriptive design variables were identified from literature, 
which describe teaching departments layouts (chapter II, p. 39-51). However, only a few 
variables will be deployed for the purpose of the empirical study.
Both measurable and descriptive variables will be identified from the architectural 
drawings and through the detailed observation of the selected school sample. The 
operational measures of these variables can be summarized as follows:
5.2.I.I. The Adopted Design Variables- (Independent variables):
i) The descriptive design variables:
Three descriptive design variables were identified for the purpose of the empirical 
study as follows:
1) The generic plan form.
2) Zoning of fixed parts and services areas in the design layout.
3) Independence of building elements.
The presence or the absence of each variable in each school was recorded, as a 
categorical or nominal variable for the purpose of measurement.
ii) The Measurable Design Variable-sunilarity of area:
Only one measurable design variable has been adopted in this study which is the 
similarity of areas of rooms. This variable can be measured according to the general 
characteristics of rooms within each design layout (see p. 83). Similarity of areas can
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also be measured in relation to the specific characteristics of areas, which included 
similarity of all rooms in the layout according to; indicators one and two (see p. 84), 
percentages of distribution of areas on area types indicator three (see p. 86), and the 
extent of room minimization- indicator four (see pp. 86-87). Also, similarity of area 
can be measured with respect to groups of rooms according to indicators five and six (see 
p. 86).
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However, the main assumption underlying the above indicators is that the lower the 
scores, the higher is the extent of similarity of areas. Meanwhile, the mean ranking 
scores of all indicators will be considered for the purpose of overall assessment of 
similarity of different design layouts.
The statistical analysis of data concerning the above indicators is included in the 
tables of findings which are provided in chapter VI. The ranking and recoding of areas, 
their dimensions and structural spans dimensions are provided in Appendix-F, which might 
also facilitate measuring the new design variables, the uniformity of structure.
52.1.2 The New Design Variables- uniformity of structure:
Uniformity of structure was defined as the extent of repetition and standardization of 
dimensions of the structural span(s). The main assumption underlying measuring this 
variable has been mentioned in chapter III, namely, the higher the extent of of repetition 
in the structural spans in any design layout, the higher is the extent of uniformity of 
structure.
Measuring uniformity of structure can be made according to indicators one, two and three 
(see pp. 87-89). Alternative indicators were also proposed, by measuring variability 
within each set of structural dimensions and later obtaining the average scores-indicators 
four and five (see p. 90).
In this way, it becomes possible to arrive at an assessment of uniformity of structure 
of each department, with respect to each indicator separately. Meanwhile, an overall 
assessment of uniformity of structure, can be made by computing the mean ranking of scores 
with respect to all indicators.
The findings concerning both measurable and descriptive design variables will be 
thoroughly analysed and investigated in chapter VI, which will later be deployed to enable 
relationships between design variables and flexibility to be tested in chapter IX.
-138-
5.2.2. Dependent Variable:
Flexibility of school building in use is the only dependent variable in this study which 
can be assessed by measuring the amount of change and/or adaptation that has been 
accommodated in them during use. In both cases, the extent of flexibility can be indicated 
by analysing users’ responses to the questionnaire prepared for this purpose, supported by 
detailed observation and tracing of the physical change of teaching departments layout 
during use. Two sets of of indicators have been proposed in chapter IV (see p. 132-134).
A detailed description of the above indicators is shown in the questionnaire format in 
Appendices-C and D. Meanwhile, the findings concerning these indicators have been 
discussed and investigated in chapters VII and V III .
The general indicators will be applied to two groups of school buildings categorized 
according to their design approaches and methods of construction. Meanwhile, the specific 
indicators will initially be applied on two groups of teaching departments chosen from the 
same school sample, in order to assess and compare their flexibility.
Later, an overall assessment of flexibility of each department will be undertaken, in 
order to investigate the relationship between design variables and flexibility. Only three 
specific indicators will be considered to examine the relationship which encompass; lh£ 
extent of adaptation in area, internal adaptation and organizational change. Each mind 
that each department will be assessed, in terms of the amount and percentages scores of 
each of the above three indicators separately.
These scores have to be looked at and interpreted in relation to each other since, if 
similar levels of adaptation were revealed between different departments, the differences 
in the amount of change will indicate the degree of flexibility. Similarly, if the amount 
of change is the same, then the variations in the level of adaptation will be considered 
for indicating flexibility. Otherwise, if teaching departments show similar amounts of 
change and adaptation, then no assessment about the extent of flexibility could be made. 
It is only when considerable variations in both change and adaptation revealed between
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different cases, then an explanation and interpretation of the variations in flexibility 
could be made.
S3. The Hypotheses:
This study examines three hypotheses, which have been identified in chapter I; i) the 
main hypothesis, that the higher is the extent of incorporation of design variables in the 
school design, the higher the extent of flexibility in use and the vice-versa, ii) the 
rival hypothesis; that the higher is the extent of design variables incorporated in school 
design layouts, the lower the extent of flexibility in use, and iii) the null hypothesis, 
that there is no relationship between the incorporation of design variables and flexibility 
in use.
Two main stipulations have to be pointed out regarding testing these hypotheses:
Firstly, that the hypotheses, which have already been formulated from the literature, 
concerned only specific design variables and their specific relevant indicators of 
flexibility. However, it should be emphasized that there is no explicit proposition which 
has yet been arrived at, about the relationship between the extent of incorporation of 
overall design variables and the overall extent of flexibility of school buildings.
Secondly, that the teaching department layouts are representative of school building in 
use and will be used as a measure for testing the research hypotheses.
The above hypotheses will be tested in the empirical study in chapter (IX), with respect 
to most of relationships. The findings will be compared to different claims which have 
been predicted in literature, and hence, further verification to the theory will be made.
5.4. The Sample of School Buildings:
To test research hypotheses, a representative school building sample has to be chosen 
for the purpose of the empirical study and some criteria are needed accordingly.
At first sight, such criteria might suggest substantial variations in flexibility (the 
dependent variable) which is to be examined in relation to variations in design variables
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(the independent variable).
Thus, the aim was to select school buildings which might be largely similar in most of 
the design characteristics other than those meant to be examined as design variables of the 
empirical study. Hence, to create a higher level of control on the intervening variables, 
minimizing their effect on flexibility to the lowest degree.
In theory, this might enable an explanation the variations in flexibility as being 
affected by variations in design variables, but it is highly likely that such an ideal 
school sample will be found in reality. It is only in experimental research that such a 
sample could be found, where higher control on the intervening variables could be achieved; 
hence, the above criteria has to be compromised and amended. Given the prime and third 
objective of the study, the following criteria are suggested as follows;
5,4.1^ Organizational and Educational Criteria:
This study argues that it may be necessary to restrict the school sample so that school 
buildings and their representative departments are comparable. This might imply a 
similarity in the stage and level of education of the selected school sample. Hence, it 
was considered to be necessary to include only comprehensive secondary schools. These 
buildings should at least be comparable in terms of their organizational structure, 
managerial and administrative structures adopted.
It is worth emphasizing that the comparison with respect to design variables and 
flexibility will be made according to a selected Humanities/Languages and CDT/Sciences 
departments belonging to different schools.
5,4.2^ Constructional and Technical Criteria:
This criteria include two main guidelines as follows:
i) Comprehensibility and representativeness of the school building sample which implies 
the selection of a variety of industrialised and traditional school building methods and 
systems (i.e. I.S£.S. andT.S£.S).
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ii) Diversity of structural system adopted, which implies considerable differences in 
the pattern of structural spans and dimensional order. This might enable a comparison 
between different designs to be made according to the structural variations, and hence to 
enable the variations in their flexibility to be explained.
5.43. Design Criteria:
This criteria encompass the following guidelines:
i) The operational capacity of the school sample (i.e. number of pupils on the school 
roll) have to be comparable. However, while it is unlikely that schools will have exactly 
the same capacity, they could be within the same range.
ii) The variations in the descriptive design characteristics of layouts. This may imply 
that the department layouts should be selected according to different generic forms, 
spatial organization, in order to explain the variations in their flexibility in use.
Following from the above criteria, there is a need to achieve higher variations in the 
schools buildings sample chosen for the empirical study and to ensure that a reasonable 
number of school buildings are found.
For these reasons, an introductory letter was sent to sixty headteachers to explore 
their willingness to cooperate, prior to sending the questionnaire. Headteachers were 
requested to give some necessary information regarding plans and some supplementary 
technical information about their schools. According to their replies, the first type of 
questionnaire was sent and a range between (28-34) replies were received. These replies 
varied in the type of data and the percentages of full answers which were gained.
Later, the second questionnaire was sent to thirteen selected schools, where full data 
about their design layout, technical and constructional aspects were obtained. These, 
however, fall into five schools constructed according various IS M S . versus eight 
T.SJB.S. schools.
The IS M S , sample encompassed the following schools; France H ill comp. sch. 
(Surry), Syston upper sch. (Leicester), Henry Fanshaw comp. sch. (Derby), Joseph
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Whitaker comp. sch. (Nottingham) and Oldfield girls comp. sch. (Bath).
The T.SJB.S. sample encompassed the following schools; St Mary College (CLWEN), 
Beechen Cliff comp. sch. (Bath), Kingswood Indep. sch. (Bath), Culverhay comp. sch. 
(Bath), Kingdown comp. sch. (Warminster), St. Mark’s comp. sch. (Bath), Sheldon comp, 
sch. (Chippenham), Hardenhuish comp. sch. (Chippenham), and Ralph Allen comp. sch. 
(Bath).
Full design information on only ten teaching departments belonging to the above schools, 
was obtained by the second questionnaire and through the detailed observation and 
site-visting. The departments are largely different in most of the design characteristics 
and variables which were meant to be assessed.
Each is occupied mainly, if not exclusively, by one and in some cases by two amalgamated 
departments of different types of activities and usages. These departments differed in 
their construction methods, the floor level where they are located, their integration and 
continuity with the school building.
5.5. The Period of Time Examined:
It is obvious that the examination of change and adaptation in school building can be 
made over any predetermined period of time. It is also evident that the longer is the 
period of time examined, the greater is the degree of change and the more is the likelihood 
that adaptation occurred.
From past experience, it is clear that both organizational and activity aspects are more 
subject to temporal changes which take place regularly (i.e. termly, daily, or hourly 
basis) (Maver, 1979), as compared to building aspects undergoing adaptation. The latter 
encompass the spatial boundaries of spaces, their area and size and the technical and 
environmental services.
Additionally, it was recognised that the frequency of change and adaptation directly 
related to patterns of use, which is highly affected by the adopted teaching/pedagogical 
patterns. With traditional methods of teaching covering specialized teaching areas,
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adaptation is less frequent, but with multi-disciplinary use, both change and adaptation 
could take place due to major course development, having optional courses, or the arrival 
of new staff, could occur on a yearly basis.
If the yearly basis of change is compared with the useful life of the furniture and 
fittings which was though to be within a range (15-30) years, the case for adaptability 
becomes clear (LIU, 1969: 15-16).
On the other hand, higher frequency of change in experimental and practical work 
requiring allocation or addition of facilities may increase the rate of frequent adaptation 
which usually involves equipment, furniture and services. As services equipment needs to 
be provided in specialized learning area, it was argued that adaptation may occur at a 
range of 3-7 years compared to a range of 7-20 years with respect to internal partitions 
(Branton & Darke, 1974:37).
From the above, it seems that indicators of change can be examined in much shorter 
periods of time compared to those of adaptation, since the rate of change is much higher 
and could happen more frequentaly.
For the objective of the survey design, five year periods will be considered as a 
criterion, upon which different types of change could be measured, while much longer 
periods relating to adaptation should be considered.
This study argues that it is most unlikely that teaching staff have spent more than five 
years working in the same space, and hence, suggests that a five-year period can be 
considered as a criterion for examining both change and adaptation and for data collection.
The length of period is highly affected by the availability of design layouts to be 
measured. Although the plans of the ten selected departments were not of certain dates, 
they were updated and their layouts five years ago compared to now have been drawn. 
Accordingly, the period was limited to five academic years between Sept. 1983 and Sept. 
1988. Such a period is considered reasonably appropriate to the design variables as it 
represented a period of many changes in the overall development of school buildings, where 
the design layouts from starting dates can be checked with acceptable accuracy.
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5.6. The Proposed System for Measuring Variables:
Both the new and the adopted design variables were measured from the departments' plans 
as originally designed five years ago (see Appendices-E and F). From these plans, the data 
relevant to indicators of design variables were obtained. The data were analysed, in order 
to obtain scores of each building with respect to their proposed indicators.
Flexibility was indicated by the analysis of users' responses to the questionnaire they 
were given about any change and adaptation to their departments, during the period Sept. 
1983 to Sept. 1988. Other data gathered through detailed observation will be presented 
for the purposes of comparison, cross-checking and supporting the analysis (see 
Appendices-G, H and I).
Presentation and analysis of the data will seek to answer the questions addressed in 
relation to the prime objective of this research, and to test and verify the research 
hypotheses.
Both Minitab and Spss-x statistical packages (Ryan, et al, 1985; Nie, et al, 1975), 
have been deployed in the analysis of the data, but the Spss-x have been exclusively used 
to obtain the Spearman (rho), when such analysis was needed. The data were tabulated and 
cross-tabulated, later on, distributions, percentages, histograms and Mann-whitney test 
were executed.
Different statistical techniques will be adopted in the analysis which included 
descriptive, univariate and bivariate analysis techniques. The univariate analysis will 
utilize the questionnaire format to present a one-way tabulation for the responses to 
categorical variables and tabulation of the general indicators of flexibility. The 
bivariate analysis encompasses mainly phi-correlations, spearman (rho) correlations and 
Chi-square test of association.
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5.6,1 The questionnaire:
There were two questionnaires; the first was for head teachers and deputy heads, and 
the second for heads of departments and teachers. The data obtained by the first 
questionnaire are presented in Appendix-G, while the detailed data about the second type 
are included in Appendix-H, which refer to change and adaptation in the academic years 
1983/84-1987/88.
The first type of questionnaire included the following questions:
i) The general description of the school building, its existing operational capacity, 
the number of teaching staff and the availability of different teaching facilities within 
the school.
ii) The change and adaptation, which may have occurred in the physical and 
organizational aspects of their schools.
iii) User's perception about the ease, cost and effectiveness of change and adaptation 
in particular aspects of their schools, as well as their perception of the present demand 
for maintenance and satisfaction with certain aspects of their buildings (Appendix-C).
The second type of questionnaire included the following groups of questions:
a) General description of departments and users, including data about when they started 
using the departments, by whom, they were employed, the location of teaching spaces which 
they regularly used during the last five years and the types of activities carried out in 
these spaces.
b) Adaptation in area and size of teaching spaces.
d) Organizational and activity change, which included data about change in the size of 
learning groups, types of activities, the use of the teaching space, the user of the space, 
and change in teaching process and methods. Further supportive data about change in 
time-tabling, the curriculum, the teaching-aids and the number of activities, were also 
included.
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f) Internal adaptation in teaching space with respect to technical and environmental 
services and facilities within the space (Appendix-D).
The second type of questionnaire has been sent to cover all the spaces and the users in 
each department at the time of distribution. The number of questionnaires ranged from 15 
to 20 approximately for each department examined. Additionally two questionnaires of the 
first type were sent to headteachers and their deputies in each school.
Headteachers were requested to return the replies using an addressed return envelope. 
Three weeks later, reminders were sent to teachers who had not responded and those who had 
not returned the questionnaire after six weeks were not approached again. The number of 
respondents in each case of analysis will be mentioned in the tables of data in next 
chapters.
The total number of questionnaires sent of both types was 300. Different number of 
responses in each school and the representative departments was revealed. This is due to 
lack of time and interest of users and/or unwillingness to cooperate, but above all, due to 
the technical language used in the early version of the questionnaire sent to a few 
schools. These were amended and modified in the final form before being sent to the whole 
school sample.
However, the differences between the number of questionnaires returned and the number of 
users required to answer the questionnaire at the time of distribution, account for both 
users still using the building who failed to return it completed and those who returned the 
questionnaire partially complete.
Despite these problems, the study argues that the questionnaires which were received can 
be considered fairly sufficient for assessing and comparing flexibility of school buildings 
and their selected departments.
The next five chapters will concentrate on the analysis of the findings of the data 
gathered from the school survey. Comparison of teaching departments in terms of design 
variables will be introduced in chapter VI. Comparison of school buildings and teaching
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departments will be dealt with in chapters VII and VIII, meanwhile the relationship between 




COMPARISON OF TEACHING DEPARTMENTS
6,1. Introduction:
This chapter deals with the analysis and findings concerning the design characteristics 
and variables of ten representative teaching departments chosen from the selected school 
sample. The analysis proceeds with descriptive comparison of department layouts according 
to the architectural drawings already prepared.
Later, the incorporation of two design variables will be measured according to their 
proposed indicators, depending on the average scores of all indicators of each variable. 
These scores, however, are of only limited predictive value, which offer an opportunity to 
assess each department in a more quantitative way. Such scores will be considered as a 
basis for ranking and comparison between different teaching departments. The findings of 
design variables will be investigated in the following sections.
6^,-The Design Approaches and the Design Characteristics:
It is obvious that school design characteristics are highly influenced by the design 
approaches which were adopted and which embody the predominant educational thoughts and 
teaching methods, at the time when these schools were designed and constructed.
Also, it is evident that many new school design approaches were proposed according to 
the change in the educational thought during the last three decades. The emergence of 
these approaches can be seen as a reflection of the shift in educational methods from 
traditional toward more elaborate and innovative teaching methods which are based on 
comprehensiveness, diversity and integration of educational contents and processes.
Preliminary examination of the school sample shows, without exception, two main 
distinctive design prototypes, resulting from two different design approaches; the 
traditional or conventional prototypes of the early fifties and sixties, and the new design
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prototypes which were designed during the last two decades. The most characteristic 
feature of the former is lack oi integration between the design and the building methods, 
where a major emphasis has been given to the constructional technique, as a sole objective, 
without any consideration for the change in user requirements.
As a result, the school designs which emerged from such an approach can be described as 
highly determinant, or tailor-made to predetermined requirements, where no consideration of 
future needs and demand for change was made. Nonetheless, these schools have undergone 
considerable growth so that several changes have occurred during the last twenty years.
On the other hand, the latter school designs were based on identification of actual 
educational needs and future demand for change, embodying new design approach. The 
significance of this approach, however, can be envisaged through analysing building 
implications of users needs, using the most suitable techniques of construction to meet 
these need.
Given the variations in the design approaches and their contradictory implications on 
the selected school sample, two main assumptions have to be made in this study, prior to 
embarking on the examination; firstly, that the school building sample embodies two 
different design approaches which resulted in different generic design prototypes (i.e. 
the traditional versus new school designs). Secondly, that the comparison can be made 
according to two different building methods, the traditional versus industrialized school 
building systems (i.e. T.SM.S. vsISM.S.).
However, this study postulates that the traditional school sample is synonymous with and 
embodies the constructional techniques, referred to as TSJiS.. Meanwhile, the same 
postulation is implied on the new schools, which were constructed according to I.SM.S.. 
Nonetheless, the validity of the above postulation is only exclusive to this study, since 
many new school buildings were designed and constructed according to the traditional, or 
rationalized-traditional building methods, rather than the I.SM.S.. Ten teaching 
departments belonging to both new and traditional schools were examined as follows:
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(A) Dept, of COT (Culverhay Comp, sch,) (CulverhaycDT) TSBS
(B) Dept, of CDT (Hardenhuish Comp, sch.) (HardincDT) TSBS
(C) Dept, of CDT and Science (Syston Upper sch.) (SystoncDT/sc) ISBS
(D) Dept, of CDT and Science (Henry Fanshawe sch.) (HenrycDT/sc) ISBS
(E) Dept of CDT (Oldfield Girts Comp, sch.) (OldfieldcDT) ISBS
(F) Dept, of Humanities/Languages (Culverhay Comp, sch.) : (CulverhayHUMAN) TSBS
(G) Dept, of Humanities/Languages (Sheldon Comp, sch.) (SheidonHUMAN) TSBS
(H) Dept, of Mathematics/Art (Kingdown Comp, sch.) (KingdownTEAc) TSBS
(I) Dept, of English and Ait (France Hill Comp, sch.) (FranceENG/ART) ISBS
(J) Sixth Form Centre/Language (Kingdown Comp, sch.) (KingdownsiXTH) ISBS
62.1. The Educational and Organisational Aspects:
Many conflicting arguments surrounding the differences in their design approaches were 
explained in chapter II. From the preliminary examination, it was shown that the selected 
departments are different, in terms of the complexity of the organizations they housed and 
the size and the capacity of each school. Most of the new schools were designed to 
accommodate much larger number of pupils and are more complex compared to the traditional 
schools.
Five traditional design layouts were chosen for the detailed examination. These layouts 
are referred to by CulverhaycDT, HardincDT, CutvertiayHUM, Shektoncnr and KingdowrrrEAc which 
are denoted as departments A, B, F, G and H respectively. These departments can be 
described, by and large, as an agglomeration of enclosed and fixed teaching classrooms i.e. 
both generalized and specialized, defined by subjects, which are integrated within one 
large school building, as shown in Appendix-Ei-5 . Meanwhile, some sort of expansion and 
addition of complementary facilities could be distinguished, which have been added recently 
as physically separated blocks.
The most characteristic feature of the above departments is lack of identity within the 
school, which can mainly be attributed to the initial design concept. Though, the
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traditional schools were not originally designed to accommodate such departmental 
organization, most of them were reorganized as faculties of studies, following the 
introduction of the comprehensive school model in the early seventies.
Such operational measures implied categorizing each group of adjacent classrooms into 
semi-defined departments. In each case, classrooms are partially clustered or aggregated 
around one corridor, enhanced by supplementary working areas for the teaching staff to ease 
the communication and the daily supervision of different teaching areas.
In organizational terms, different groups of pupils could be accommodated according to 
the year bases, so that each group has its own basic working area from which they can use 
the shared resources of the whole school.
On the contrary, most of the new schools stem from totally different educational
objectives emerging from the awareness of the inherent conflict between the large complex 
organization and the need to structure the school form, so that closer contact can be 
established between different groups, subjects and activities. However, this led to the 
creation of teaching departments or centres, which can be described by semi-autonomous 
entities within the larger school, as illustrated in Appendix-E6-io-
Most of the new departments were accommodated at various levels of integration within 
the school, such as physically-separated, in HenrycDT/sc, OldfieldcDTTSc, FranceENG/ART, 
and KingdownsDrm, which are denoted as departments D, E, I, and J, respectively, or 
totally integrated with the school, as in SystoncDT/sc, denoted as department C.
Underlying such educational departments, different social organizations were
distinguished, according to the year basis and the "lower and upper schools", supported by
a variety of shared resources, which could be used by the whole school. Addttonally,
higher levels of integration between activities were also promoted in these departments, so 
that various theoretical and practical activities are encouraged through the diversity of 
spaces.
As the types and requirements of activities are becoming increasingly diverse, their 
spaces are also becoming varied to accommodate different sizes of learning groups. Though
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these departments differ in their degree of specialization, they encompass a sufficiently 
broad section of spaces to cater for a wide range of academic, pastoral and social 
activities.
6.22. Activities Organisation in Teaching Departments:
Following from the above differences, it seems that teaching spaces in new departments 
were mostly defined by activity, rather than by subjects which characterized traditional 
departments. Most of these activities were devised to fit optimum group sizes for a given 
teaching purpose based on a prediction of the demand for workplaces of a particular type.
However, it was found that these activities fell into three broad categories; 
presentation and formal learning for large and medium groups, small groups and individual 
and private study. From the observation, it was shown that presentation can only be met 
collectively in the form of lecture and formal lessons, small groups using different 
audiovisual materials and individual study. The second encompassed seminars, tutorials and 
the discussion groups, compared to individual work which consists of any sort of self-paced 
study.
Another characteristic of new departments is the provision of "basic” workplaces to 
ensure such an optimum fit of learning groups. Their effectiveness is enhanced, when they 
are not too far from the resources area and when easy access is available to more teaching 
aids and resources, such as books, or slides, or video tapes/T.V. sets, or computer 
terminals, than any single workplace can contain. Workplaces of this kind are no less 
basic to educational activity and could be denoted by ”occasionar basic places to 
distinguish them from other constant workplace.
On the contrary, most traditional departments, are based on purely expository learning, 
as the sole mode of teaching; nonetheless, some modifications have been made with respect 
to curriculum and teaching methods, which led to extending the range and types of 
activities performed in relatively targe-size classrooms.
To summarize, two notable features characterizing the activity organization in both the
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traditional and new departments, can be ;pointed out; firstly, those which concerned the 
temporal variation in the mode of learning where most of the pupil time was spent in an 
enclosed classrooms, while in the new departments, most of the pupil time was spent as a 
part of much smaller groups, or working individually, or in a large group, so that pupils 
may join temporarily together for instruction as a part of a larger group.
Secondly, those which concerned a wider variety of activities were found in new 
departments, which were accommodated either in a rapid succession, or even simultaneously, 
whereas no such variety was distinguished in the traditional departments. However, the 
selected teaching departments can be examined in relation to the design characteristics and 
variables as follows.
63. The Descriptive Design Characteristics:
Only three main characteristics have been identified in chapter V and considered to be 
sufficient for the purpose of comparison between teaching departments, which can be 
summarized below;
63.1. Generic Plan Form:
It was assumed earlier that the plan form has some relevance to flexibility (p. 40).
From the first, considerable variations between plans forms of both selected teaching 
departments were distinguished, which fall into three main generic plan forms; deep plan 
form, single and double-loaded corridor.
Deep plan form was predominantly adopted in most of the new departments, as shown in 
their design layouts C, D, and I, but the only exception can be found in department E, 
where a system of vertical circulation was adopted serving only two adjacent teaching 
spaces.
Most of the traditional departments were designed according to a double-loaded corridor, 
as shown in the design layouts A, B, J, except for departments F and G, which were designed 
as a single-loaded corridor plans.
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Most of the deep plan forms are characterized by a square-shaped plan indented in one 
side or with internal courtyards. Such an indentation in the plan perimeter was found to 
have many advantages, related to the optimization of environmental performance, 
particularly, the level of lighting and rate of ventilation in the space. Furthermore, 
both indentation and internal courtyards were appropriate for a variety of activities and 
for creating a sheltered outdoor teaching space, which is differentiated from the internal 
areas.
A few other specific design advantages can be distinguished; firstly, to provide 
accommodation for the maximum number of pupils, while at the same time providing as much 
useful floor area per pupils. From the analysis of areas, it was found that such provision 
had actually counter-balanced the cost and minimized the overall constructional cost 
resulting in a significant reduction of constructional and wall-bounded circulation areas, 
which were found to be far less than in the traditional departments.
Secondly, owing to a lower percentage of floor area in new departments which resembled, 
or was used as formal classrooms, it was found that the number of pupils who could be 
accommodated at any one time. Is considerably higher compared to the traditional 
departments. However, it was revealed that these departments can accommodate an equivalent 
of about eight or nine classes at an approximate range of 240-300 pupils working at the 
same time. Furthermore, it was shown that at any given moment, some two-thirds of pupils 
are engaged on activities outside the classrooms, while most of the remaining third are 
working either individually, or in groups of two and three.
Thirdly, higher area standards have been considered, in the design of the deep plan 
form, to allow a generous provision of marginal and circulation areas to overcome many of 
the acoustic and visual privacy problems. Though the increased standards of provision 
which have been offered to accommodate semi-open and general teaching areas, there seem to 
be some restrictions on the provision of enclosed specialized areas, where an optimum 
rather than generous provision has been offered. This implied designing these areas to fit 
an optimum group size and learning groups.
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Comparison of the internal design layouts of both groups of departments revealed a 
considerable differences in types of teaching and ancillary spaces they contained. Five 
main types of areas were distinguished in most of the new departments layouts as follows: 
i) Permanently fixed areas, which are mainly the services areas (e.g. lavatories, 
cloaks rooms), rooms of special acoustic provision such as lecture theatres and 
highly-serviced areas, such as laboratories and CDT workshops,
ii) Rooms suitable for a tutorial group of 6-8 pupils, or teaching staff who would 
use it both as an office and tutorial rooms,
iii) Seminar rooms suitable for small groups of 12-18 pupils.
iv) Group rooms suitable for medium-size groups of 22-30 pupils which could be used 
as classrooms.
On the contrary, only two types of teaching areas, were distinguished in traditional 
departments layouts: the generalized and the specialized classrooms, such as laboratories 
and CDT workshops, supported by services areas. Most of the generalized areas were found 
suitable to accommodate medium-sized groups of 30-36 pupils, for expository and formal 
teaching, compared to groups of 20-30 pupils, which have been accommodated in the 
specialized areas. No spatial provision has been made to accommodate small groups, but 
these are likely to use the classrooms.
Despite the limitation of types of areas, they were found to be much larger in their 
size than those in the new departments. The variations in area might explain the 
differences in the methods of quantification adopted by both groups of departments. This 
was based on area per pupil, as a yardstick for measurement, rather than the area per 
workplace which was adopted in the new departments.
So far, the generic plan forms of both the traditional and new departments have been 
examined descriptively. However, the comparison could be made according to zoning of fixed 
parts and services areas as below.
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6.3.2. Zoning o»f Fixed Parts and Services Areas:
It was assumed in chapter II that zoning of fixed parts and services areas is highly
relevant to the ease of adaptation in school buildings (p. 46). This assumption was 
centred on minimizing the obstruction created by those parts, which in turn may maximize 
the possibility of adaptation in the internal layout, whenever needed.
From the comparison, considerable variations in the ways of zoning of fixed parts of the 
building were distinguished between both groups of departments, regarding the staircases, 
location of columns and services areas.
In traditional layouts, the location of stairs was found to be highly affected by the
pattern of horizontal circulation, the length of corridors and the regulations for safety
and fire hazards. As shown in Appendix-Ei-s, stairs were mostly disposed at distances 
within an approximate range of 15-30 m, which seems to be more than sufficient for easy 
interdepartmental circulation between the floors.
Nonetheless, they seem to be highly obstructive and segregated from other services area 
(i.e. cloakroom, toilets, stores, etc.) at different locations of the layout. 
Theoretically, such arrangements is highly inappropriate, since they may seriously 
interfere with the demand for change in internal layouts. From the detailed observation, 
it was shown that services areas have had a considerable amount of adaptation, due to a 
higher rate of obsolescence and higher maintenance cost required to keep them within an 
acceptable level.
Thus, many of these services areas were converted into other teaching usages, which can 
often be more effectively used, for instance, as seminar rooms, individual study and, or as 
a teaching staff working area. In this case, the problems of inhibiting the use of 
teaching areas may be minimized.
In new layouts, it was found that most of the fixed parts and services areas were, 
either concentrated in one area and separated from the main teaching areas, or 
interspersed, in such a way, that they do not seriously interfere with changes in internal 
layout. This is clearly demonstrated in SystoncDT, FranceENG/ART and Henrycmysc.
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Comparison of structural systems, in both traditional and new layouts, revealed wider 
variations in the distribution of structural elements in the layouts. Specifically, 
short-span structures were predominantly used in the corridor plans which provided building 
depth within a range of 7.0-15.0 m and effective room heights of about 3.0 m.
A higher degree of constructional compatibility, was achieved in most of the traditional 
layouts, facilitated by adopting both load-bearing walls and skeleton structure. In this 
way, different size of classrooms, as well as laboratories, craft rooms, or workshop, have 
been adequately accommodated.
Nevertheless, the obstruction created by internal walls or supporting columns in the 
design layouts, would inevitably offset much of the inherent savings of construction time 
and cost which may be achieved through the adoption of load-bearing structure.
On the contrary, a variety of medium and long-span structural systems were adopted in 
most of the new design layouts, which were, mainly, developed to create a clear span of 
about 15-30 m, providing clear internal heights between 3.60-4.50 m. Bearing in mind the 
exceedingly higher cost of provision of such long span structure, different arrangements of 
intermediate supporting columns were created and facilitated by adopting IS£.S..
Many constructional possibilities were sought in these systems expressed by a variety of 
structural increment, which could be obtained in any direction, depending on the structural 
module. A variety of structural spans to support the deep-plan, could be depicted, as 
shown in Appendix-E6-io. Leaving aside considerations other than space, it seems that 
these systems are more suitable for any educational activity and learning groups, which 
require more space free of obstruction than classrooms for 30 or 40 pupils, such as indoor 
physical education and, to a lesser extent, drama activity. Further discussion about the 
influence of the fixed parts and sen/ices areas of the building on flexibility will be 
undertaken in chapters VIII and IX.
633 . Independence of Building Elements:
This variable can be examined, in connection with zoning of fixed parts and services
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areas discussed above. However, it was assumed in chapter II that higher levels of 
independence between building elements may enhance flexibility in use (pp. 47-49). 
Specifically, it was argued that zoning of the "adaptable" parts from the "fixed" parts of 
the building, may increase the potential of adaptation to cater for change during use. 
From the comparison, wider variations were distinguished between the new and traditional 
layouts as follows:
Firstly, a higher level of demountability of partitions, was distinguished in the new 
layouts, which can be easily relocated or removed and/or re-erected in new positions, 
whenever needed. In technical terms, a higher degree of demountability was facilitated by 
a relatively large range of infill components and lightweight building materials, where 
partitions can be easily connected and dismantled. No such considerations have been 
distinguished in the traditional layouts.
Secondly, greater reliance on mobile furniture and loosely-fitted equipment, which, 
however, define the teaching activities that could be performed at any given teaching area 
and at any particular time. Some advantages were distinguished, particularly to enable 
most of the teaching areas, within certain limits, to be redesigned effectively to meet 
changes in the methods of teaching and to increase the number of workplaces. On the 
contrary, lower mobility of furniture and equipment were identified in traditional layouts, 
particularly in specialized areas due to the adoption of a place-fixed equipment. This is 
compared to a larger area size of classrooms which makes it possible to move furniture 
within the space and to create diversity of internal arrangements.
Thirdly, more independence of fixed types of services equipment and installation from 
those adaptable types, was distinguished in the new, compared to the traditional layouts. 
In both layouts, services can be categorized broadly into those which serve teaching 
requirements, such as utility services (i.e. gas, water, electricity installation and so 
on), and those which contribute to the general environmental requirements.
In the new departments, it is conceivable that zoning of adaptable parts has only been 
made in areas where no specialized requirements for services are likely to be needed. It
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was shown that the distribution of services routes and the main conduits have been 
provided, either integrated within the structure, in a horizontal service zone, or around 
the perimeter of these areas as shown in HenrycoT/sc and SystoncDT/sc layouts. On the 
contrary, neither zoning of adaptable parts, nor integration of services routes with 
structure, have been distinguished in the traditional plans. Further discussion about 
their influences on flexibility will be made in chapter IX.
6.4. Measurable Design Variables;
Two measurable variables were examined empirically; the adopted and the new design 
variables and the findings of the examination are outlined below:
6.4.1. Adopted Design Variables- Similarity of Areas of Rooms:
This variable can be measured according to the proposals which were developed in chapter 
III. The extent of similarity of areas of rooms in any departments’ layouts could be 
indicated and measured according to the general and specific characteristics of rooms. The 
general indicators are related to the description of rooms, their distribution, shape and 
proportions, as distinguished from the specific indicators, which concern; similarity of 
areas of all rooms contained in these layouts, and similarity of areas within grouping of 
rooms.
6AAA. Similarity of Areas- General Characteristics:
The types of areas of rooms encompassed in both new and the traditional teaching 
departments, have been analysed descriptively. However, the purpose of the examination was 
to provide a general background about the distribution of rooms around their Mean and for 
measuring the specific indicators of similarity of rooms.
0 Dimensions and Proportions of Rooms;
Comparison of department layouts, according to the proportions of rooms, indicated minor
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variations in shape of rooms. Given the fo>ur types of room proportions which were proposed 
as criteria for categorization (see p. 83), it was found that most rooms in the department 
examined fall within the second category of ratio (1:1.5) amongst the remaining categories 
(see Appendix-F). However, highest percentages of rooms within this category were 
identified in traditional departments F, A, G, J and B respectively, compared to lower 
percentages in the new departments G, H, I, D and E as illustrated in table (6-1). This 
might explain the variations in shape of rooms, indicated by a regular rectangular 
classrooms for formal teaching, as opposed to those in the new departments, which were 
characterized by L-shape and square-shaped rooms to accommodate a variety of arrangements 
and informal teaching.
6.4.I.2. Similarity of Areas- Specific Characteristics of Areas:
i) All rooms in the teaching department:
Similarity of areas of rooms, can be measured by incorporating the scores of the Mean, 
Stdev and the Range of all areas in each department, and later by applying the statistical 
measure of dispersion-indicators one and two.
Comparison of department layouts according to their scores for the above indicators 
revealed wider variations, as shown in table (6-1). The lowest scores were identified in 
most of the traditional departments layouts, as revealed in departments A and G compared to 
the highest scores in departments I and J. In other words, a higher extent of similarity 
of all rooms was found in departments A and G compared to the lowest extent of similarity 
of areas of all rooms i.e. highest variety, in departments I and J.
Ranking of departments according to their scores of the above indicators was made 
according to a five point scale of categorization which extends from (very high, high, 
medium, law, to very low). This was developed depending on the statistical description of 
these scores in terms of the mean and the highest and the lowest scores. From the ranking 
of teaching departments, some variations in their extent of similarity of rooms was 
identified as shown in figure (6-1).
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A- CulverhaycDT 14 64.3% 59.31 16.0 96.6 16.0 0.27 1.07
B- HardincDT 20 55.0% 32.72 8.75 104 27.4 0.84 2.91
C- SystoncDT/sc 21 52.4% 82.50 24.5 220 52.7 0.63 2.36
D- HenrycDT/sc 31 41.9% 37.36 4.0b 104 29.7 0.79 2.67
E- OldfieldcDT 25 34.6% 46.49 5.4b 119b 34.2 0.74 2.67
F- CulverhayHUM 17 70.6% 44.13 15.9 79.2 14.4 0.33 1.43
G- SheldonHUM 22 63.6% 62.42 22.7 97.2 19.7 0.31 1.19
H- KingdowrrrEAC H 12 50.0% 40.50 12.0 54 17.3 0.43 1.04
I- FranceENG/ART 21 47.6% 81.4 5.0b 288b 82.0 1.01 3.44
J- KingdownsixTH 12 58.3% 41.2 7.0b 136b 35.0 0.85 3.13
a) Highest percentages of rooms was found within the second ratio of (1:1.5).
b) In computing the scores of Stdev and the Range of areas, a box-plot was drawn and areas 
at the extrem ends of the distrbution were not considered (see appendix-F).
Table (6-1): Similarity of areas of rooms (indicators one and two)
Despite these variations, scores of departments with respect to the above indicators are 
not conclusive, due to a wide variation in the range of areas contained in each layout, 
resulting in a wider scope of interpretation. Hence, a more detailed assessment is needed 
with respect to how rooms were distributed on different area types.
In this respect, it was stated earlier that similarity of area can be measured in 
relation to the number of area types and the highest percentage of area for each 
type-indicator three. However, teaching areas can be categorized according to an interval 
scale of five main areas types (see p. 86). Later, by adopting the statistical measure of
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the histogram, the distribution and (percentages of areas within each type can be 
identified.
Hence, given the number of roomis types (Y) in each department and the highest 
percentages of areas for each type, then the fewer the number of area types in the 
department the more similar the rooms will be, and the higher is the extent of similarity 
of areas.
By applying this indicator on different departments layout, significant differences were 
identified. From the comparison, it was found that most teaching areas in traditional 
layouts fall within only three types, compared to five types identified in most of the new 
design layouts, as shown in table (6-2).
However, similarity of areas of rooms does not only depend on the number of room types, 
but also on the number of rooms in each type. Thus, the more rooms are clustered within 
one area type, the higher the percentage and the greater the extent of similarity. 
Examination of percentages of rooms clustered within different types of area of rooms, was 
undertaken and wider variations between different layouts were identified.
Highest percentages of rooms clustered within one area type, i.e. 41.5-69.6 sq m, were 
identified in departments G, H and A at 68.18%, 66.67%, 57% respectively, compared to 
47.06% in department F, where most areas fall within a range of 13.9-41.5 sq m. 
All the above departments fall within the traditional group, but the only exception was 
found in department B, where a low percentage of 35.0% was identified.
On the contrary, most of the teaching areas in the new departments were distributed 
almost equally on all area types, which might interpret the higher variety of size of areas 
as shown in table (6-2). Amongst these types, a highest percentage of 38.7% was identified 
in department D which is far less than the percentages in the traditional departments. 
Ranking order of teaching departments according to their scores for this indicators are:
a) Very high in departments G, H and A.
b) Medium in department F.
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c) Low in departments D, E, B, and C.
d) Very low in departments J and I.






























A.CulverhaycDT — 14.2% 57.2% 28.6% — 3 57.2%
B.HardincDT 30% 25.0% 35.0% 5.0°/ , 5.0°/ . 5 35.0%
C. Systonc d t / s c — 19.1% 33.3% 23.8% 23.8°/ , 5 33.3%
D.HenrycDT/sc 22.6% 38.7% 25.8% 6.5°/ ■ 6.5°/ ■ 5 38.7%
E.OIdfieldcDT 32.0% 8.0% 36.0% 16.0% 8 M ■ 5 36.0%
F.Cuh/erhayHUM — 47.1% 41.2% 11.8% — 3 47.1%
G.SheldonHUM — 13.6% 68.2% 18.2% — 3 68.2%
H.KingdownTEAcr I 16.7% 16.7% 66.7% — . . . 3 66.7%
I.FranceEN G /AR T 19.1% 23.8% 9.5% 16.2% 31.4*) > 5 31.4%
J.KingdownsixTH 25.0% 33.3% 33.3% — 8.3°/ 4 33.3%
Table (6-2): The distribution of areas of rooms according to their types
Following from the above, if there is an equal number of rooms (X) in the design layout, 
and a different number of room types (7), then the extent of similarity is highly affected 
by the above aspects and could be computed as as a percentage of the maximum extent of 
minimization:
Extent of minimization o f rooms = 100 (X-Y)/(XY- Y)
This ratio was considered as indicator four of similarity of areas, but I  is more 
specific than the previous indicators. Hence, the higher the score of extent of 
minimization, the higher the extent of similarity of rooms and vice versa.
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From the comparison, it was found tthat scores for departments, with respect to indicator 
four are highly consistent with those? of the previous indicators. Highest scores were 
identified in departments G, B, F, A and H compared to the lowest percentages scores in 
departments E, I and D, as shown iin table (6-3). The ranking order of departments 
according to their scores for the above indicator are:
a) Very high in departments G, B, F, A and H.
b) Medium in departments J and C.

























A.CulverhaycDT 14 3 57.2% 28% 0.11 0.12
B.HandincDT 20 5 35.0% 30% 0.13 0.27
C.SystoncDT/sc 21 5 33.3% 21 % 0.15 0.34
D.HenrycDT/sc 31 5 38.7% 17.3% 0.19 0.47
E.OktfieldcDT 25 5 36.0% 16% 0.17 0.29
F.CulverhayHUM 17 3 47.1% 29% 0.12 0.26
G.SheldonHUM 22 3 68.2% 30% 0.15 0.32
I.KingdownTEACH 12 3 66.7% 27% 0.17 0.28
J.FranceENG/ART 21 5 33.3% 16% 0.26 0.60
K.KingdownsixTH 12 4 33.3% 18% 0.16 0.35
Table (6-3): Similarity of areas of rooms (indicators three, four, five and six) 
ih Grouping of rooms in the teaching departments;
Detailed examination of similarity of areas within groups of rooms has been undertaken
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by computing the coefficient of variability of areas, within each type and then by 
obtaining the avierage scores -indicators five and six of similarity of areas. From the 
comparison, slight differences in the ranking scores of departments with respect to the 
above indicators were identified, compared to the to the previous two indicators, as shown 
in table (6-3). This could be attributed, mainly, to the variation in the adopted 
measuring procedures and the insignificant variations in areas within each type of areas. 
In spite of that, ranking of teaching departments still corresponds to their ranking order 
according to the former indicators, which can be described as follows:
a) Very high in departments A, F and B.
b) High in departments G, C and J.
c) Medium in departments H and E.
e) Very low in departments D and I.
As shown in figure (6-1), departments A. F. G. H and I  have revealed relatively the same 
ranking _ order for all the six indicators of similarity. This is compared to departments E 
and B. which revealed major differences in their ranking order. Meanwhile, the remaining 
departments C. .1 and F indicate slight variations in their ranking order for all the 
indicators examined. The ranking order of all departments according to the overall extent 
of similarity can be arrived at by obtaining the average ranking scores of these 
indicators.
To sum up, the findings demonstrate that the extent of similarity of areas incorporated 
in the traditional layouts is considerably higher, with respect to all six indicators, as 
opposed to the new design layouts which are of a higher variety. These variations explain 
the differences resulting from the design approaches adopted in each group of departments.
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Figure (6-1): Ranking order of teaching departm ents according to th e ir  extent of s im ila r ity  
of areas
Higher variations in the extent of similarity were revealed with respect to the third 
and fourth indicators, compared to less variations with respect to the detailed indicators 
of similarity i.e. groups of rooms. It can be argued that the former two 
indicators are more crucial and valid measures for indicating similarity of areas amongst 
all indicators. Although the method adopted in both indicators are more specific, and 
concerned with measuring similarity according to five category of areas, it can be argued 
that the findings are highly dependent on the criteria for categorization. However, 
different department layouts can be assessed according to the second design variable, which 
is the uniformity of structure as below.
6.42. New Design Variables-Uniformitv of Structure:
It was postulated in chapter III that the extent of incorporation of this variable in 
the design may indicate levels of standardization and repetition of the structural system.
However, a comparison between teaching departments according to this variable has been 
conducted, by computing the Mean scores of structural dimensions and the Standard deviation 
(Stdev) scores. Thus, the higher the scores of (Stdev), the lower is the extent of 
uniformity of structure-indicator one of uniformity of structure. By applying this 
measure, wider variations have been distinguished between the traditional and the new 
department groups, as shown in table (6-4).
Higher scores were identified in the new departments compared to the traditional ones. 
Specifically, the highest scores were identified in departments E, J, and C which are 
nearly identical, compared to the lowest score in department F.
Similarly, by applying the same statistical measure of variation (i.e. Coefficient of 
variability A and B), then the higher the score, the lower is the extent of uniformity of 
Structure-indicators two and three of uniformity of structure.
As shown in table (6-4), considerable variations in department scores regarding the 
above indicators were identified. These scores were found to correspond highly and to be
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x l y i x2 >2
A.CulverhaycDT 7.8 8.2 8.7 9.9 8.66 0.78 0.09 0.24
B.HardincDT 7.5 7.0 7.2 6.3 7.02 0.48 0.06 0.17
C.SystoncDT/sc 7.4 10 8.7 10.3 9.27 1.32 0.14 0.35
D.HenrycDT/sc 5.9 7.7 6.0 7.0 6.90 0.77 0.12 0.27
E.OIdfieldcDT 5.3 8.6 - 6.9 6.23 1.32 0.19 0.46
F.CutvertiayHUM 6.0 6.1 6.0 5.9 5.53 0.21 0.03 0.17
G.SheldonHUM 8.9 7.9 9.2 8.0 8.48 0.55 0.06 0.14
H.KingdownTEAC h7.6 8.1 6.2 7.3 7.28 0.70 0.096 0.26
I.FranceENG/ART 9.3 9.2 7.0 9.8 8.82 1.07 0.12 0.32
J.KingdownsixTi- 9.2 6.9 6.2 5.8 7.03 1.34 0.19 0.48
(x1 ,y1 ,x2,y2): The mean of structural spans in both longitudinal and transversal directions
Table (6-4): Uniformity of Structure (indicators one, two and three)
Comparison between departments according to the detailed attributes of uniformity of 
structure was made, by obtaining the Coefficient of variation scores for each set of 
dimensions, and later by computing the average score. Hence, the higher the score, the 
higher the variations in the structural span, and the higher is the extent of uniformity of 
structure-indicators four and five. Both indicators are very specific and more accurate, 
compared to the former indicators, since they measure the variability of the distribution 
within each set of dimensions, prior to measuring the overall average score.
From the analysis, highest scores were identified in departments J, I, C and D, compared 
to the lowest in departments H, G and A respectively, as shown in table (6-5). The Ranking
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of teaching departments according to their scores to the above indicators is shown in 
figure (6-2), which can be described as folliows:
a) Very high in departments H and G and A.
b) High in departments E, F and B.
c) Medium in department D.
d) Low in departments J, C and I.
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Table (6-5) Uniformity of structure (indicators four and five)
-170-
Following from ttfie above ranking order, it seems that there is no connection between the 
general and specific indicators of uniformity of structure. This cast some doubt on the 
reliability of the general indicators. In other words, it seems that the general 
indicators are not wholly reliable for measuring uniformity of structure, compared to the 
specific indicators, which are, by their own measuring procedures more sensitive and 
accurate measures of this variable.
To sum up, a greater degree of uniformity of structure, with respect to specific 
indicators, was identified in almost ail the traditional layouts, as revealed in 
departments H, G, A, E, F and B, compared to a lower degree of uniformity of structure in 
the new layouts D, C, J and I.
The findings clearly demonstrate that a higher level of repetition of structural spans 
was incorporated in most of the traditional design layouts, whereas a higher level of 
structural span variability was identified in the new design layouts.
This explain that the structural design in the new schools is different from that used 
in the traditional school practice. In the traditional schools, there is a coincidence 
between the structural layout and functional cellular subdivision. In the new schools, the 
physical structure is general rather than specific, in the sense that it has provided for a 
variety of possibilities of spatial subdivision. Optimization of structural design from a 
planning point of view is to provide the least determinism, or physical impediment upon 
planning and subdivision of the layout. Of course, other factors such as materials, cost, 
fire and safety regulations are also of significance in any actual design situation. 
However, for the purpose of comparison these factors were not considered in this study.
The findings are highly consistent with those concerning the similarity of areas of 
rooms. Hence, it can be argued with higher confidence that similarity of areas in the 
traditional schools is most likely associated with a higher extent of uniformity of 
structure and vice-veras in the new schools. Relationships between the extent of 
incorporating design variables and flexibility will be examined in detail in chapter IX.
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CHAPTER VH 
FLEXIBILITY OF SCHOOL BUILDINGS 
ANALYSIS AND FINDINGS 
(GENERAL INDICATORS)
7.1. Introduction:
This chapter presents and describes the gathered data and the findings relating to the 
general indicators of flexibility (see Appendix-G). The next chapter deals with the 
detailed analysis of flexibility of representative teaching departments, selected from the 
same sample of school buildings. The outcome of the survey on school buildings will be the 
bulk of the empirical data to be analysed.
The total number of the whole school sample examined is thirty four schools, which can 
be considered sufficient for the purpose of assessment and inferential statistics. Only 
thirteen selected schools will be considered for the purpose of comparison between the new 
and the traditional school buildings, which fall into five new schools versus eight 
traditional.
These schools will be referred to through the course of this study and the next 
chapters, by acronyms (I.SJB.S.) and (T.SJ.S.) respectively, and the argument justifying 
that, has been put forward in the previous chapter (see p. 156).
7.2. The General Indicators of Flexibility-Objective Indicators :
The findings concerning these indicators could be summarized as follows:
7.2.1. Change in the Capacity of School Buildings:
The operational capacity of the whole school sample was examined and percentages of 
change in their present capacity compared to five years ago, were identified. At first 
glance, wide variations between the present and the past capacity of these schools, were
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identified. In both situations, independe nt schools revealed the minimum number of pupils 
on the school roll, but even if these excluded from the whole sample, such variations 
predominantly recurred in most of the schools examined, as shown in table (7-1).
The range of school capacity five years ago indicates wide variation, extending between 
510 and 1700 pupils, compared to a minimum of 320 pupils and a maximum of 1500 pupils at 
the present, as shown in table (7-1).
Wide variations in the percentages of change in school capacity were also identified, 
which seem to be commensurate with the capacities of these schools in the past. The lowest 
percentage of 0.75% was identified in Kingsdown Comprehensive school compared to the 
highest of 41% in Headlines Comprehensive school.
Categorisation of schools according to their size was made to enable the relationships 
between the school size and their flexibility to be examined. Some statistical procedures 
have been adopted for categorization summarised by; i) computing the mean of distribution 
of capacities five years ago and now which was identified to be 987. ii) drawing histograms 
which will indicate the distribution of different scores of capacity around the mean, and 
iii) by trimming the extreme scores at both end of the distribution, Hence, by selecting 
the 50% range around the mean, the medium school size can be identified. Similarly, by 
considering those at the lower end to be the small school size, and vice versa, for the 
large school size.
As shown in table (7-2), most of the schools fall within the medium size, while the 
least fall in the large size. This can largely be attributed to the decline in the number 
of pupils enrolled in these schools at present. Most importantly, it might explain the 
considerable improvements in the management and optimization of secondary school resources, 
to serve relatively smaller catchment areas of population, than before.
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1. France Hill Comp. 1250 1118 -132 10.7 77 2
2. Syston Upper sch. 1420 1250 -170 12.0 70 3
3. Henry Fanshaw Comp. 1240 1150 -90 7.3 78 3
4. St Mary College 250 200 -50 20.0 25 -
5. Beechen Cliff Comp. 1180 950 -230 19.5 60 1
6. Kingswood Indep. sch 460 480 +20 4.4 50 -
7. Culverhay Comp. sch. 1110 847 -263 23.7 - 1
8. Kingsdown Comp. sch. 1350 1340 -10 0.75 76 1
9. Matravers Comp. sch. 880 756 -124 14.0 44 4
10. Mandeville Comp.sch. 1010 830 -180 17.8 52 -
11. St Mark's Comp. sch. 570 500 -70 12.3 30 1
12. George Ward sch. 1690 1400 -290 17.2 90 1
13. Temple Cowley sch. 500 417 -83 16.6 29 5
14. Wanner Comp. sch. 930 840 -90 9.7 50 4
15. Kingdown Comp. sch. 1000 1118 +118 11.8 66 4
16. Hreod Buma sch. 960 1250 +290 30.2 65 4
17. Headlines Comp. sch. 1700 1000 -700 41.0 60 4
18. Mark Hall Comp. sch. 1130 1000 -130 11.5 56 4
19. Easthampstead sch. 1620 1500 -120 7.4 98 1
20. Turnpike Comp. sch. 720 560 -160 22.2 38 4
21. Downs the Comp. sch. 510 500 -10 2.0 37 4
22. Forest Comp. sch. 1070 1050 -20 1.9 64 1
23. AitwoodC.E. sch. 930 690 -240 25.8 50 1
24. East Combe Comp.sch. 550 320 -230 41.8 23 4
25. Kingsbury Comp. sch. 540 430 -110 20.4 26 4
26. Sheldon Comp. sch. 1150 1050 -100 8.7 64 1
27. Hardenhuish sch. 1200 1054 -146 12.2 72 1
28. Ralph Allen sch. 720 570 -150 20.0 -- -
(*): 1=(1 l-18)years, 2=(12-18) yean, 3=<14-18) years, 4=<ll-16)yean. 5=(9 -13)years
Table (7-1): The present and the past enrolment in school buildings
% per category 
five years ago
% per category 
at present
1.Small School size 32.14 33.30
(250-750) pupils
2.Medium School size 50.30 55.50
(751-1250)pupils
3 . Large School size 17.86 11.11
(1251-1700)pupils
Number of the sample =28
Table (7-2): Categorization of school buildings according to their size
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Additionally, there seems to be an increasing tendency to amalgamate two secondary 
schools on adjace nt sites into one, or close down some schools and convert them into other 
uses. This could largely be attributed to higher redundancy in teaching facilities within 
these schools, and lack of financial expenditure at present available to run these schools 
at an acceptable level.
7.2.2. School Size and Flexibility:
A very strong correlation has been identified between school size and availability of 
resources/computer rooms, amongst other teaching accommodation, as shown in table (7-3). 
Also, a significant correlation between school size and the addition of computer/micro 
systems was identified which is very predictable compared to a negative correlation between 
the size and adaptation in environmental services.
School size X2
1. Availability of Resources & 
computer rooms.
0.445 (sig.p<.05) 6.84
2. Addition of computers/micro. 0.473 (sig p<.05) 6.39
3. Adaptation of environ, services. -0.463 (sig.p<.05) 7.24
Table (7-3): Matrix of correlation between size of school and some indicators 
of change
Closer examination of percentages of adaptation, reveals very much higher percentages 
regarding the latter indicators in both the medium and large school size at 94.8% and 89.5% 
compared to 55.6% and 44.4% respectively in small school size. The highest average 
percentage of change and adaptation was identified in the medium/large size as compared to 
the small school size. This might explain that the larger the school size, the higher the 
likelihood that change and adaptation may occur.
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7.23. Percentages of Change and Adaptation:
i) The whole school sample;
It was argued in chapter IV that percentages of change and adaptation of school 
buildings can be considered as the controlling criterion against which variations in 
flexibility could be assessed and compared. From the preliminary analysis, it was shown 
that such variations differed greatly according to the aspect of change, indicating that 
both change and adaptation have regularly happened in most of school buildings examined.
The findings revealed that 87.5% of the school buildings have undergone adaptation with 
respect for the addition of computer systems, compared to the lowest of 15.6% and 12.5% for 
adaptation of gas/fuel installations and audiovisual/remote-video systems. More than half 
of them have undergone adaptation in utility and environmental services, as shown in table 
(7-4).
Indicators of Change and 
Adaptation
The whole school 
sample N=34 
Yes No (M ) %Yes
The selected school 
sample N=13 
Yes No %Yes
1. Adaptation in utility services
2. Addition of computer/micro
3. Adaptation in environ services
4. Adaptation in fuel/gas install.
5. Addition of audiovisual
& remote-video systems
22 10 2 
28 4 2 
16 16 2 






















6. AddSon of teaching space
7. Subdwision of space
8. Removal and demolition of space
9. Reorganisation of partitions
10. Renovation and physical 
improvements.
11. Change in finishing of space
12. Changing function of space
13. Addition of new furniture/
14. Expansion by addition of new 
teaching departments
18 12 4 60.0 7 6 53.9
21 9 4 70.0 13 1 92.3
16 14 4 53.3 5 8 38.5
15 15 4 50.0 8 5 61.5
24 7 3 77.4 11 2 84.6
22 8 4 73.3 9 4 62.2
25 5 4 83.3 11 2 84.6
23 7 4 76.8 12 2 85.7
12 18 4 40.0 7 6 55.9
(M ): Missing data
Table (7-4): Percentages of change and adaptation as reported by the headteachers
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The highest pe rcentage of change was 83.3% for teaching space. This compared with 
percentages for adaptation which were 60% for addition of space, 70% for subdivision and 
50% for reorganisation of internal partitions, as shown in table (7-4).
Some significant correlations between adaptation in internal partitions and addition of 
computers/micro, were identified (see Appendix-G4). These correlations might explain the 
urgent demand for change and adaptation, which have consistently occurred in most school 
buildings (i.e. converting generalised teaching spaces into specialised ones).
Such a conversion, however, implied major subdivision to accommodate new specialised 
areas, such as resources/computers and audiovisual rooms, necessitating subsequent 
technical modification and re-routing of services installations.
In short, the findings highlight the new trend for renovation in teaching methods and 
curriculum in comprehensive secondary schools, particularly in CDT/Sciences departments, 
exemplified by the implementation of the Technical Vocational Educational Initiative 
(T.VEJ) and the introduction of new teaching aids and communication systems. Such 
innovation, was found to be more conducive for adaptation rather than change as such.
ill The Selected School Sample-(Traditional versus New School Buildings);
Analysis of the data gathered from the selected sample of thirteen schools has been made 
by excluding twenty schools for which no complete data about their design and construction, 
could be obtained. These schools consists of eight T.SM.S. and five I.S£.S.. In spite 
of the variations in numbers of schools examined, this problem was overcome by normalising 
the number of those in the smaller set to be equivalent to the former, and then computing 
the approximate percentages after normalisation.
It was assumed that the variations in building methods and systems adopted may affect 
the amount of change and adaptation that can be made. Also, it was postulated, that 
certain building elements often associated with higher frequency of change and adaptation 
than others.
To test the above postulations, considerable variations in the percentages of change and
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adaptation were identified between thee two groups of school buildings, with respect to 
utility services and gas/fuel installations at 40.0% and 35.7% in TSMS. versus 60% and 
64.3% in ISMS. respectively.
Very minor differences were identified with respect to adaptation in computers/micro and 
audiovisual/remote-video systems, indicating a relatively similar demand for adaptation in 
both group of schools.
Some variations were identified regarding adaptation by addition of adjacent spaces, 
subdivision and reorganization of partitioning, where relatively lower percentages of 
42.6%, 43.7% and 35.7% have been identified in TSMS., compared to higher percentages of 
57.4%, 56.3% and 64.3% in ISMS. for the same indicators respectively.
The findings clearly show that there is a significant difference with respect to the 
extent of adaptation, which is nearly one and a half in T.SJB.S.. Furthermore, the average 
percentage score regarding the above three attributes was found to be moderately higher in 
ISMS, compared to TSMS.. This might partially support the postulation of a higher 
degree of adaptation in the ISMS, group.
Strictly speaking, greater extent of adaptation in ISMS, has been facilitated by 
deploying lightweight frame-structures with less obstructions, where internal partitions 
could be easily relocated and changed, compared to the fixed type walls and partitions in 
TSM.S.. This might primarily demonstrate a higher level of independence of building 
elements in the former compared to the latter.
A moderately greater amount of change in finishings of teaching spaces identified in 
ISMS, at 59% compared to 41% in T.SMS., which might be ascribed to a lower durability 
of building materials and finishings in the former, compared to the latter. A higher 
extent of changing function/use of spaces has been identified in TSMS. at 59.7% which 
is much higher than 40.3% in ISM S.
To summarize, a lower extent of adaptation was identified, in TSMS. compared to 
ISMS., which could be attributed to the constructional constraints imposed by the 
building methods, particularly, when there is a demand to change the area of teaching
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spaces, or due to a lesser demand to iadapt areas owing to greater repetffion and larger 
size of areas. Further verification about ttnis issue will be made in the next chapter.
The average percentage scores of all adaptation attributes is considerably higher in 
ISJJ.S., compared to a higher percentage of change in T.S.B.S.. In particular, the former 
has a maximum percentage with respect to five indicators of adaptation, compared to the 
latter which had the maximum percentage with respect to change only. Alternatively, a 
higher amount of adaptation was identified in l.S£.S.f to accommodate such increasing 
demands of change in activities for different areas, explaining the ease, with which, the 
spatial boundaries of teaching spaces, could be adapted (i.e. removed, added or 
relocated).
7J . Subjective Indicators of Flexibility-Findings:
Analysis of the data obtained from the same group of users about their perception of 
change and adaptation in their schools has been made to support and put the above factual 
findings into a more meaningful and tangible perspective. Also to provide a subjective 
assessment of flexibility in use, by seeking perceptual and attitudinal measure with 
respect to five perceptual indicators.
As has been argued earlier, the first three perceptual indicators are very beneficial in 
measuring users' responsiveness to flexibility, compared to the fourth and fifth indicators 
which focus on aspects of present demand for maintenance and satisfaction with school 
buildings. Although the data regarding users’ satisfaction may have nothing to do with 
flexibility, it was decided to analyse it first, since that may point to the needs that 
most schools would ideally change in some way. However, analysis of the data concerning 
these indicators, has been carried out; firstly, for the whole school sample, and 
secondly, for the selected sample. The gathered data were converted from an ordinal into a 
nominal level to facilitate assessing the responses. Later, the ordinal data of a selected 
sample of thirteen schools were compared according to; i) differences in percentages of 
responses, and ii) the differences in the median of ranking scores of the ordinal data of
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two groups of samples (five I.SB.S.. versus eight T.SM.S.). The "Man_Whitney" 
statistical test was performed, accordingly to test the null-hypothesis that there are no 
such significant differences in the ranking data belonging to two groups of respondents 
assessing the same set of criteria.
73.1. Users* Satisfaction-Indicator (E):
Users' satisfaction with their school buildings was examined and a five point ordinal 
scale (ranging very satisfied, satisfied,...., not satisfied at all), was adopted for 
gathering data. The first two were aggregated into ’ satisfied', while the latter two were 
aggregated into 'not satisfied’.
From the analysis of data, relatively lower percentages of responses for all attributes 
examined were identified. Lower percentages were identified regarding users’ satisfaction 
with the availability of teaching spaces and the design of their school building at 21.1% 
and 15.8% respectively, compared to the highest percentage of 42.1% with respect to 
satisfaction with the visual quality and appearance of their schools. Meanwhile, only
31.6% of respondents were satisfied with the environmental conditions in their schools.
By comparing the mean ranking score for each attribute, it was found that users
satisfaction with both the availability of teaching spaces and the designs of their
schools, were moderately low, with most responses falling slightly to the negative side
below the neutral point, (mean of availability of teaching spaces=1.812, and for design of 
school building=1.937, where 5= ’very satisfied’ and 1= 'not satisfied at all’).
Ratings in terms of satisfaction with environmental services and visual quality of
school building indicate very slight differences, compared to the above attributes (the 
mean for environmental condition* 2.00, for visual quality* 2.10, where 5= ’very satisfied’ 
and 1= 'not satisfied at all’). Considerable higher percentages and mean scores of users 
responses were identified in I.SMS. compared to T.SBS., regarding the above three 
attributes. The only exception was revealed with respect to environmental conditions where 
higher satisfaction was identified in the latter compared to the former.
-181-
The findings giive a broad overview ,at a higher level of generalization. Though only a 
few attributes were examined, it is meaningful to consider the reaction of users to their 
building as being effective in indicating the functional performance of school buildings in 
use. Such indication has to be considered in relation to other subjective indicators, 
together with the findings obtained from specific indicators of flexibility which will be 
discussed in the next chapter.
132. Appropriateness and Ease of Change-Indicator (A):
Analysis of percentages of users perception to ease of change and adaptation in their 
schools, was made, according to five attributes of various importance. The respondents 
were given a scale of (very easy, easy, neither nor, not easy and not easy at all) which 
were aggregated into 'easy' and 'not easy’ to enable a comparison of the percentages of 
responses.
The lowest percentage was identified regarding the ease of changing area/size of space 
at 15.6% compared to the highest percentage of 81.3% regarding the ease of addition of new 
furniture and equipment, in the whole school sample, as shown in table (7-6).
On the other hand, considerable variations in the perceptual responses, between the two 
groups of schools, were identified as shown in table (7-5). Remarkably higher average 
percentages about the ease of change and adaptation were identified in the ISM S. 
schools with respect to most flexibility attributes, compared to TSMS..
Examination of the differences in the median of the two groups ranked scores has been 
made according to the "Mann-Whitney" test. A significant difference in users perception of 
changing area/size and function/ use of teaching spaces were identified and the 
null-hypothesis was rejected at (@>=.05 as shown in figure (7-6).
The findings explain that there are genuine variations in the above two attributes 
between the two groups of schools. Such variations are highly consistent with those 
previously identified, regarding adaptation in ISM.S., supporting the assumption that 













N % N % % %
1. Ease of changing 
area/size of space.
5 15.6 4 30.8 100.0 0.0
2. Ease of changing 
function/use of space
15 46.9 9 68.2 66.7 33.3
3. Ease of adapting 
techy environ services
16 50.0 6 46.2 61.7 38.5
4. Ease of changing 
internal finishings
21 65.6 8 61.5 61.7 61.7
5. Ease of adding 
new furniture/equip.
26 81.3 11 84.6 57.2 42.8
(N): Number of respondents who said very easy and easy to change
Table (7-5): Percentages of perceptual responses for indicator(A)
Ease & Appropriateness 
of change and adaptation
I.S.B.S. T.S.B.S. 
N = 5 N = 8
1. Ease of changing 
area/ size of teaching 
space.
(3,3,3,2,3) (2,2,1,1,2,2,1,1) 
Median= 3.0 Median= 1.5 
w =53 sig. at p<0.01*
2. Ease of change the 
function and use of 
teaching space
(3,4,3,4,3) (3,3,3,2,3,2,1,1) 
Median= 3.0 Median= 2.5 
w =49 sig. at p <0.048*
3. Ease of adapting 
technical and environ, 
services.
(2,3,4,2,3) (2,3,2,2,3,2,3,1) 
Median= 3.0 Median= 2.0 
w =42 sig. at p<0341
4. Ease of changing 
internal finishings
(3,4,3,2,4) (1,3,3,3,3,2,2,1) 
Median= 4.0 Median= 2.5 
w =46 sig. at p<0.124
5. Ease of adding new 
furniture and equipment
(3,4,4,4,4) (3,4,4,3,3,2,3,2) 
Median= 4.0 Median= 3.0 
w =47 sig. at p<0.092
(*): Rejecting the nuB-hypo thesis at @= 0.05
(i): As no responses were identified with respect to the midpoint of the ranking scale,
the ordinal scale has been modified into a four point scale i.e. Very easy= 4, Easy= 3, Not easy= 2, Not easy at al!=1
Table (7-6): Comparison of ranked data for indicator (A )-( i .s .b.s . v s T.s .b  s .)
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733. Perception «of Cost of Change and Adaptation-Indicator (B):
Examination of (users’ perception of the effect of cost of change and/ or adaptation in 
their schools, was made and similar attributes of various importance were examined. The 
respondents were given a scale of five points which was aggregated into two levels of 
’expensive’ and ’not expensive’. As shown in table (7-7), wider variations in users’ 
perception were identified, where changing finishings of the space was found to be the 
least expensive to be achieved, compared to changing area/size of space which was 
perceived as the most expensive attribute.
A considerable variation between ISMS. and TSMS., was identified with respect to 
perception of cost. Only 18.6% of the respondents in IS  S.S. perceived changing area / 
size as the most expensive to be achieved, compared to 81.4% in TSM.S., which is 
substantially higher. Similarly, the least perception about the cost of change and 
adaptation, was identified in ISJBS. expressed by a lower average percentage score of 













1 .Cost of changing area/ 
size of teaching space
23 76.7 8 61.5 18.6 81.4
2.Cost of changing 
function/use of space 13 47.7 5 38.5 0.0 100.0
3.Cost of adaptation of 
technical/environ, serv. 21 72.4 6 46.5 24.3 75.7
4.Cost of changing 
internal finishings. 11 36.7 4 30.8 0.0 100.0
5.Cost of adding new 
furniture/ equipment. 15 50.0 2 15.4 _ . .
(N): Number of respondents who said v. expensive and expensive to change.
Table (7-7): percentages of responses for indicator (B)
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Additionally, th@ difference between the ranked data of both groups of respondents was 
examined according to the "Mann-Whitney" test. From the findings shown in table (7-8), a 
significant difference in the perception of cost of changing area, function/use and 
internal finishing of teaching spaces, was identified.
Therefore, it can be argued that there is a genuine variation, with respect to these 
three attributes, regarding the two groups of school buildings, supporting the findings of 
indicator (A).










w =19.5 sig.at p<0.028*
2. Cost of changing 




w =21 sig.at p<0.048*





w =24.5 sig. at p<0J43




w =21 sig.at p<0.481*




w =35 sig.at p<1.00
(*): Rejecting the null-hupothesis at @=0.05.
(i): Very expensive=4, Expensive* 3, Not necessarily expensive=2, Not expensive at all=1
Table (7-8): Comparison of the ranking data for indicator (B)-(i.s.b.s. vs t.s.b.s).
73.4. Effectiveness of Change and Adaptation- Indicator (C):
Users perception of the effectiveness of change and adaptation was examined according to 
an ordinal scale of measurement of three points; (very effective, effective and not 
effective). However, the first two levels were combined into ’effective’ which may provide
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a measure of effectiveness of flexibility in use, on a nominal scale. From the preliminary 
analysis, higher percentages were identified indicating very minor variations between the 
two groups of schools.
A lowest percentage of 81.3% was identified, regarding effectiveness of subdivision and 
changing finishings of teaching space repeatedly, compared to the highest percentages of 
96.6% regarding effectiveness of adding new furniture/ equipment. Such insignificant 
variations might explain the inadequacy of this measure as a basis of comparison between 
different school buildings, indicating a common agreement among different user’s about the 
effectiveness of almost all attributes in improving the operational performance of their 
schools.
73.5. Users Perception of Demands for Maintenance- Indicator (D):
Analysis of the data regarding the present demand for maintenance in their schools was 
undertaken. Eight attributes relating to the functional and physical performance of school 
building were examined. The respondents were given an ordinal scale of three points (i.e. 
very essential, essential and not essential), and asked to specify the most demanding 
maintenance aspect. The first two levels were combined into ’essential to change’, 
providing a nominal measure of demand for maintenance of school buildings, in terms of 
percentage responses.
From the preliminary analysis, relatively higher percentages were identified reflecting 
wider variations in users responses. Lowest percentage was identified with respect to
services areas (toilets, storage areas etc.), where 68.8% of the respondents indicated
such a demand for maintenance compared to the highest of 93.8% and 87.5% regarding 
maintenance in utility and environmental services, respectively as shown in table (7-9).
By and large, a higher tendency for renovation and adaptation in these attributes can be 
ascribed to a relatively shorter lifespan and higher degree of deterioration in these 
attributes over time. Both constructional elements and finishings indicated slightly lower 
percentages of 78.1% and 77% respectively, which might be explained in a similar way, but
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the degree of deterioration is of a lesser ejxtent compared to the former attributes.
Examination of the present demandls for maintenance of the thirteen selected schools 
revealed greater variations, as comparted to those identified in the whole school sample 
mentioned above, as shown in table <7-9). The lowest percentage was identified with 
respect to services area, which was 46.2%, compared to the highest of 83.6% and 76.9% 
regarding utility and environmental services respectively, as the most demanding 
maintenance.




Very essential and essential 
N % N %
a. Constructional elements(i.e. external 25 78.1 8 61.5
walls, internal partitioning, etc.).
b. Openings (i.e. windows and doors). 27 84.4 9 69.2
c. Educational furniture/ equipment. 23 71.8 8 61.5
d. Utility services (e.g. water, 30 93.8 11 83.6
electricity, gas and fuel install.)
e. Finishing materials. 24 75.0 7 53.8
f. Heating and ventilation services. 28 87.5 10 76.9
g. Lighting/ false-ceiling units and 25 78.1 8 61.5
fixtures.
h. Services areas (toilets, storage,etc). 22 68.8 6 46.2
(N): Number of respondents who said very essential and essential to change
Table (7-9): Percentages of perceptual responses for indicator (D)
However, the demand for maintenance was postulated to be relevant to the deterioration 
in the physical fabric of the building and affected by many factors, particularly, their 
operational age, the building methods and durability of building components and the level 
of workmanship applied in the construction.
By testing the above postulation, considerable variations in the responses between the 
two groups of schools, were distinguished with respect to the seven attributes of 
maintenance, revealing much lower percentages in l.S£S. compared to T.S£S., as shown 
in Appendix-G5.
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Similarly, the ranked scores of data related to both groups of schools, revealed to be 
significantly different with respect tto only five attributes of maintenance, according to 
the ’Mann-whitney' test. These differences concern, constructional elements, openings, 
finishing materials, environmental, constructional, lighting/false-ceilings, as shown in 
table (7-10).
By and large, the findings clearly pin-point the increasing demand for maintenance in 
school buildings which varies considerably according to the operational age of these 
schools and types of building elements which deteriorate with time. They largely support 
the past claims about technological obsolescence (p. 19), indicating that traditional 
schools are much more regarding maintenance in most of the attributes examined.
Maintenance Attributes l.S.B.S. T.S.B.S. 
N = 5 N = 8
a. Constructional elements. (3,2,3,3,3) (1,2,1,3,1,2,2,2) 
Median= 3.00 Median= 2.00 
w = 50.0 sig. at p<0.033*
b. Openings (windows and 
doors).
(3,3,3,2,3) (1,1,1,1,2,2,1,2) 
Median* 3.00 Median= 1.00 
w = 53.5 sig. at p<0.008*
c. Finishings materials. (2,3,3,3,3) (1,1,1,3,1,3,2,1) 
Median* 3.00 Median= 1.00 
w = 48.5 sig. at p<0570
d. Environmental services. (3,2,2,3,3) (2,1,2,2,2,1,1,1) 
Median= 3.00 Median= 1.50 
w = 51.0 sig. at p<0.023*
e. Lighting /false-ceiling 
units and fixtures.
(3,3,3,3,2) (2,2,2,1,1,3,2,1) 
Median=3.00 Median* 2.00 
w = 50.0 sig. at p<0.033*
(*): Rejecting the null-hypothesis at @= 0.05
(i): Not essentiai=3, Essential= 2, Very essentiaM
Table (7-10): Comparison of the ranked scores for indicator (D) 
(l.S.B.S. vs T.S.B.S)
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The findings demonstrate that previous claims about physical obsolescence are valid, 
particularly, with respect to services and constructional components, which need continuous 
maintenance during use. By considering the similarity of the building type and the 
organisation housed in them, then it can be argued that both building methods and the level 
of durability of building materials might influence the present demand for maintenance 
during use.
Alternatively, the findings interpret the inadequacy of the quality of materials and 
higher deterioration of structure and services in the T.SM.S., as significantly associated 
with greater demand for maintenance. They demonstrate that though various lightweight 
prefabricated structures and cladding for building fabric were used in the ISMS., they 
were found to be associated with lower demand for maintenance regarding the above 
attributes. This may be due to the small sample of schools examined.
Given higher percentages of cost of adaptation associated with greater demand for 
maintenance in the T.S£.S. (see Appendix-G5, 6), an empirical generalisation can be made; 
the higher the demand for maintenance in these attributes, the higher the cost of change 
and adaptation in teaching space, and hence the most difficult to be achieved. The 
availability of maintenance in these attributes was found to be associated with the 
accommodation for new types of activities and functions in the school.
The findings partially support the assumption that there is a relevance between 
adaptation and the degree of deterioration in particular building attributes- the technical 
and environmental services. They demonstrate that the older the school, the higher the 
level of deterioration in these attributes over time and the less the likelihood that such 
adaptation may occur. Highlighting the necessity of technical modification in these 
attributes as the main prerequisite to improve its operational efficiency in use. 
Indicating the importance of installing new services as the most crucial attribute, among 
others relating to adaptation in school buildings.
-189-
7.5. The Objective versus Subjective Inriiicators of Flexibility
The association between the objective and subjective indicators of flexibility has been 
examined in order to test the consistency of responses obtained from the same group of 
users, as shown in table (7-11).
The findings validate, to a certain extent the key indicators of flexibility which were 
investigated eartier. For instance, the ease of changing function/use was revealed to be 
associated with a higher amount of adaptation in utility and environmental sen/ices. 
Similarly, users perception of the ease of changing area/size of spaces is significantly 
associated with a higher extent of changing internal finishings.
Objective indicators of 
change and adaptation in 
school buildings
Subjective Indicators Chi-square




4. Space renovation & 
Physical improvement.
5. Internal finishings.
Changing function/use 7.846b, cy=3 
Changing function/use 5.180b, d f= l 
Installing new services 4.500b, cy=l 
Changing int. finishing 10.540b, d f-3  
Changing int. finishing 5.686b, 4f=2
Changing area/size of space 7.111b, df=2 




2. Subdivision of space.
3. Reorganisation of 
internal partitioning.
Installing new services 8.125b, d$=3 
Changing int. finishings 6.792b, #=2 
Changing function/use. 5.852b, #=2 
Changing function/use. g.SST6, df=2 
Adding furniture/equipment 8.312b, 4f=2
(a): sig. at p<.01
(b): sig. at p<.05
Table (7-11): Matrix of association between the objective and subjective indicators of 
flexibility
7.5. General Indicators of FlexibflitY-Summary of Findings:
The purpose of examining both change and adaptation in the previous sections was to 
enable a general understanding of the phenomenon of flexibility of school building in use. 
However, it is too early to make any definitive judgment about flexibility of school
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buildings, but instead to provide an insight about the nature of this phenomenon through 
examination of the amount of change amd adaptation which these schools have undergone. 
Also to investigate the relevance of some design variables to flexibility through sets of 
indicators and their constituents and to assess and compare the achieved flexibility 
between two groups of schools.
By and large, the findings revealed that flexibility was differently exhibited in these 
schools and considerable variations of the amount of change and adaptation were identified 
between the two groups of schools. Hence, supporting the argument that all school 
buildings are flexible, but they differ in the extent and range of flexibility they 
accommodate. The findings can be summarized as follows:
i) Change in school size and flexibility:
The findings demonstrate that the accelerating rate of change in educational objectives 
and teaching methods, has imposed a significant change in the organisational and physical 
aspects of these schools. These changes were also found to be associated with the 
reduction in the size of most of the schools examined.
A pertinent relationship between size of school and the amount of change and adaptation 
was confirmed: the larger the size, the more is the demand for adaptation in utility
services and computer systems, whereas, the smaller the size, the higher is the adaptation 
in environmental services.
ii) Change of teaching methods and flexibility:
The findings generally indicate a high degree of organizational change in most of the 
schools buildings examined. This can be attributed to a change in teaching methods, 
managerial and time-tabling aspects indicated by a greater tendency for changing the 
function of teaching spaces. They highlight the change in the demand of activities for 
space, represented by reallocating activities between units of accommodation or 
incorporating new types of activities.
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They explain that addition and subdivision of teaching space has been made to cater for 
the demand for highly-serviced teaching spaces. Alternatively, there is an increasing 
demand for converting general-purpose teaching areas into specialised ones, or renovating 
existing specialised areas to accommodate new teaching aids and equipment, such as 
computers and audiovisual systems. This, however, can be attributed to the innovation in 
teaching methods and curriculum, represented by the T.VEJ. and CDT/science developmental 
programmes, which were implemented in most of the school buildings examined.
iii) Change and Adaptation-1 .S.B.S. vs T.S.B.S.:
Distinctive variations in the extent of change and adaptation between the two groups of 
schools were identified, which explains the variations in design characteristics and 
constructional methods adopted. A higher extent of adaptation with less organisational 
change was distinguished in I.SE.S., compared to higher degree of organisational change 
with less amount of adaptation in TSE.S.. The methods deployed for measuring and 
comparing the achieved flexibility in both groups, relied upon users assessment of change 
and adaptation in their schools, which was, to a higher extent, objective.
However, this was enhanced by a qualitative assessment to enable cross-validation of the 
objective data. Accordingly, some subjective data about user perceptions of flexibility in 
their school were examined and analysed within a holistic framework of assessment. 
Considerable variations in user’s perceptual responses regarding certain indicators of 
flexibility were identified.
The findings pointed to a significant variation with respect to ease of changing 
area/size and use of space in ISE.S. compared to T.SES., indicating the greater amount 
of adaptation in the former schools. Significant variation in users’ perception of cost of 
changing use and adaptation in areas, was identified, where higher perception was 
distinguished in T.SE.S. compared to I.SE.S..
Both utility and environmental services were found to demand most maintenance, compared 
to the least demand for maintenance for sen/ices areas. Despite a lower demand for
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maintenance, services areas were found to be much more subject to adaptation due to a 
overprovision off these areas, meanwlhile changing finishings i.e. painting, decoration, was 
made regularly, facilitated by community participation in renovating their schools. 
Greater demand for maintenance was identified in T.SJBS. with respect to most indicators, 
as compared to the I.SM.S. group. The most significant differences in users perception 
concerned the constructional elements and technical and environmental services.
Interestingly enough, the findings highlight the relationship between level of 
deterioration in these attributes and the demand for adaptation, which however was found to 
be negatively related to the operational age of a school; that the older the school 
building, the less likely adaptation may occur.
The question concerning the validity and reliability of the findings still exists in 
this study, and hence, whether a valid inference can be drawn from such subjective findings 
is suspect, unless a more rigorous examination of flexibility is made. The level of 
subjectivity, as exhibited through users’ perceptual responses, can only be seen in this 
study as supportive, speculative and largely external to the design and accommodation of 
change in school buildings. Hence, direct linkages have to be developed between the 
subjective data and the specific objective data about flexibility, before any applicability 
could be achieved. The specific data will be obtained from the second group of users, 
through the questionnaire and the detailed observation of selected departments, which will 
be dealt with in the next chapter.
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CHAPTER Vm  
FLEXIBILITY <0F SCHOOL BUILDINGS 
ANALYSIS AND FINDINGS 
(SPECIFIC INDICATORS)
8.1. Introduction:
This chapter deals with the analysis and the findings of flexibility of ten 
representative teaching departments, chosen from the thirteen secondary school buildings, 
which have already been examined in the previous chapter. Both descriptive and bivariate 
statistical techniques will be deployed for the manipulation of the gathered data, and 
extrapolation of the most relevant key indicators of flexibility (see Appendix-H).
The investigation in this chapter is divided into two parts; the first part will be 
devoted to assess and compare the achieved flexibility of two groups of departments (five 
for each group which embody two different design approaches), resulted in different generic 
design prototypes (i.e. new versus traditional designs).
Such a distinction, however, includes a further explicit assumption about the method of 
construction, where (ISMS.) has been adopted in all new departments compared to 
(TSMS.) in all traditional departments. The second part will concentrate on assessing 
the overall flexibility of each department separately, so that an objective comparison 
could be made between them. Such comparison will be important to answer the issues 
relevant to the prime objective of the research, enabling the relationships between design 
variables and flexibility to be tested empirically.
The design layouts of these departments, before and after adaptation, were drawn and the 
alterations with respect to services and constructional elements, were annotated as shown 
in Appendix-1. The following sections will discuss the findings arrived at from the 
empirical study.
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8.2. Specific Indicators of Flexibility-Traditional versus New Departments:
Examination of the two groups of teaching departments was carried out to assess the 
achieved flexibility in use with respect to the five specific indicators of flexibility.
From the early observation, it was found that some of these departments encapsulate an 
amalgamation of diversified teaching areas, belonging to two, or more different 
departments, allocated to the same building, but many changes have occurred since that 
time. Such amalgamation has resulted from differing organizational and managerial 
considerations and design aspects, underlying an explicit assumption about higher 
utilisation of areas through shared accommodation. Thus, the actual number of teaching 
departments will be 19 instead of the 10 which refer only to the number of buildings.
The examination will consider ail teaching and ancillary spaces contained in each 
department. The overall number of spaces examined, in each group of departments, is 72 and 
62 respectively. These spaces were categorized into five basic types of areas, according 
to the criteria of types and requirements of activities, which was proposed in chapter IV 
(seep. 107).
8.2.1. Changing Function and Use of Teaching Departments:
Examination of change in function/use of teaching departments was made to find out 
whether any significant changes had occurred in the type of teaching accommodation and 
their level of services. As has been mentioned earlier, teaching departments can be 
categorised into three main types; the general-purpose teaching, light-practical and 
heavy-practical, or a combination of two or more. However, it was postulated, that these 
departments are exposed to a regular change, as there is a need to change the organization 
and types of activities.
To test this postulation, a slight variation has been identified regarding change in 
teaching accommodation and level of servicing, during the last five years. Only 30% of 
respondents in the new departments reported change in function/use of their teaching 
department, compared to 44.4% in the traditional departments.
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Such insignificant variation might indicate a relatively similar tendency for conversion 
and modification in both groups of depjartments. As shown in figure (8-1), the pattern of 
conversion in the latter can be described by converting only 10% of light-practical 
departments into heavy-practical departments. On the other hand, the pattern of conversion 
in the former can be described, by converting 22.2% of general-purpose departments into 
both light and heavy-practical ones.
i) Changing function of departments and spatial adaptation:
Examination of the correlation between changing function of departments and spatial 
adaptation, revealed positive correlations with adaptation in the area/size, and 
subdivision of space in the new departments, whereas no such correlations were 
identified in the traditional departments, as shown in table (8-1).
A significant negative correlation with changing level of services of space was 
identified in the new departments at r(rho )--2709 sig. at p<.01, compared to a 
positive correlation between the above two indicators in the traditional, at 
r(rho)=2421 v. sig. atp<.05, as shown in table (8-1).
The findings indicate that, in the new departments, the higher the change in the 
function/use of the department, the higher the probability of changing the size of areas by 
subdivision, whereas no such relationship was revealed in the traditional departments. 
They show that raising the level of services of teaching spaces is more likely to be 
conducive to changing functions of the traditional departments; nonetheless, such 
probability is most likely minimized when adaptation in utility services-B (i.e. water, 
gas and fuel) occurs.
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Level serv ices of Teaching D epartm ents
l.S.B.S. (be»fore and a fte r modification)
Heavy-practical
U aM -p ractica l
Seneral-perpoce
SOS








(Before mo dlf leaf Ion) (After modification)
Level Services of Teaching Departments 
T.S.B.S.(before and after modification)
H eavy-p rac tica l 
33%H eavy -practical 2 2 %
L ig h t-p ra o tlo a l 




(Before modification) (A fte r m o d ifica tio n )
PI aura (8-1): Changing (aval services of teaching departments
(I8B 8 vs. T8B 8)
N =72, r(rho) sig. ait 
p .05= 232, p .01= 302
Changing function/use of 
teaching departments
Level services of 
teaching departmen
N =62, r(rho) sig. at 
p .05=.250, p .01 =.325 New Traditional New Traditional
1 .Changing level of 



























Table (8-1): Correlation matrix between changing function of teaching departments and 
indicators Of adaptation (new vs traditional departments)
This explains that the pattern of change in the traditional departments, is most likely 
to be associated with raising the level of service of spaces to accommodate highly-serviced 
activities. On the contrary, changing functions in the new departments, is often 
associated with relatively minor adaptation in utility services-A (i.e. electricity, power 
point, telephones, etc.) and to a lesser extent.
The tendency to change function in the new departments is affected by the ease with 
which spatial adaptation can be made exemplified, for instance, by inserting new 
partitions, or subdividing space, rather than accommodating highly-serviced areas, as in 
the traditional departments.
Some conclusions could be drawn, accordingly, that the new departments are not wholly 
identified with only one set of activities, exclusively and permanently, but instead, the 
potential for changing their spatial layouts might enable different users requirements to 
be housed and to be capable of expansion. This, however, is facilitated by a higher extent
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of independence of building elements, particularly, where the partitions can be moved as 
the need arises.
As spatial adaptation is facilitated in the new departments, more flexible use of areas 
in traditional departments has been distinguished, to cater for change in activities, once 
the space is serviced and equipped. This may give some primary clues about the inadequacy 
of size of areas in the former, compared to the latter which seems to be a minor inhibition 
for accommodating change. Meanwhile, both services and technical equipment were found to 
be more intimately connected with changing function than had previously been thought in 
literature.
8.2.2. Change the Level of Services of Teaching Spaces;
Comparison of changes in the level of services of teaching spaces in both new and 
traditional departments, has been made to see, if any significant variations occur between 
the two groups of departments. In general, such change may have resulted either from 
changing the types of activities within teaching spaces, or due to adaptation in their 
services requirements.
In both groups, teaching and ancillary spaces were categorized according to the 
criterion of level of services which has been proposed earlier (see p. 107). Five main 
types of spaces were identified referring to service areas (zero level), general-purpose 
(level one), light-practical (level two), heavy-practical (level three) and large spaces 
(level four). From the examination, greater variations in the categorization of areas were 
distinguished between the traditional and the new departments.
In the new departments, the distribution of spaces five years ago was found to be; 19% 
for level zero, 42% for level one, 15% for level two and 19% for level three. However, it 
was found that only 15% of spaces had been changed into a higher level, resulting from 
converting service areas into light and heavy-practical teaching spaces, as shown in figure 
(8-2).
Contrary to that, higher change in the level of services was identified in the
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traditional departments, as illustratedi in figure (8-2). Given the distribution of spaces 
five years ago which was; 15% for level zero, 60% for level one and (12.5%) for each of 
level services two and three, it was found that all 15% Of spaces of level services zero 
have been converted into teaching areas of a higher level of servicing. Additionally, 15% 
of the general-purpose teaching spaces of level one, have been converted into spaces of 
level two and three, which both represent 30% overall amount of change.
Further examination was undertaken to identify percentages of teaching spaces according 
to raising, or towering, their services level in both groups of departments, where the 
degree of (zero) refers to no changes at all, (one) refers to changing level sen/ices by 
one level and (two) and (three) refer to raising level services, by two and three levels 
respectively.
It should be emphasized that though such categorization seems to be arbitrary, it may 
provide alternative objective indication to the extent of conversion,in terms of cost and 
the main assumption underlying it has been explained in Appendix-B.
However, the findings revealed that only 27.9% of teaching spaces in the new departments 
have undergone change in their level services, compared to 52.4% in the traditional. 
Alternatively, the extent of changing level of services in the traditional departments is 
twofold compared to those in the new departments. Particularly, it was found that only 
15.2% and 12.7% of spaces in new departments have had the level of services raised by by 
one and two levels respectively, which is much lower compared to 27.4% and 25% of spaces,
A
in traditional departments.
To sum up, the findings revealed a tower extent of changing the level of services of 
teaching spaces in the new, compared to the traditional departments. Only one quarter of 
teaching spaces in the former have endured change in their level of services, compared to 
half of teaching spaces examined in the latter. In other words, the ratio of teaching 
spaces which endured change, by raising their level of services, is approximately twice 
that in the new departments.
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Level Servloee of Teaching Space#











No. of the u « » t f  • 7ft
Level Servlcee of Teaching Space# 






Heavy practical 18% 
Light practical 37%
General purpose 45
(A lte r change)
Figure (8-2): Level service* of teaching apacee before and after change
(I.8.B.S. ve. T.8.B.5T
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This might consistently support the (previously mentioned findings about adaptation in 
equipment/utility services in the traditiional, compared to the new, for accommodating 
highly-serviced teaching spaces.
8,23. Adaptation in Area and Size of Teaching Spaces:
So far, a higher extent of change in level services of teaching spaces was identified in 
traditional, compared to the new departments. However, there is a necessity to identify, 
whether any significant area adaptation has been made, so that an insight about the pattern 
of change in their spatial layouts, can be arrived at.
At first sight, considerable variations in the extent of adaptation in areas, were 
identified between the two groups of departments, indicated by 62.5% in the new compared to 
25.8% in traditional. Higher percentages have also been identified, with respect to 
reasons for adaptation in the new compared to the traditional departments as shown in 
figure (8-2).
Indicators of adaptation 








1 .Change in area/size 
of teaching space.






5. Addition of new teach, 
space.
27 45 62.5% 
24 48 33.3% 
3 69 4.2% 
21 51 29.2% 
1 71 1.4%
16 46 25.8% 
14 48 22.6% 
0 62 0.0% 
3 59 4.8%
1 61 1.6%
Table (8-2): Percentage of adaptation in area/size of teaching spaces
(new vs traditional departments)
-202-
The findings icleariy indicate that the highest percentage reported, in both groups was 
with respect to the first attribute, whiereas the lowest percentage was identified with 
respect to the fourth attribute.
As shown in table (8-3), significant positive correlations regarding reasons of 
adaptation were identified in the new departments, which explain that higher extent of 
adaptation in area are most likely to be attributed to addition and subdivision of spaces 
in the new departments. This supports the assumption about the ease with which spaces can 
be amalgamated and/or subdivided is due to a higher potential of demountability of 
partitions (i.e. removal, relocation and/or addition).
On the contrary, it seems that the percentages of changing area and addition of space in 
the traditional departments are likely to be superficial. From the first glance, these 
percentages may indicate that a considerable amount of adaptation in constructional 
elements in the traditional was made, but in reality this seems to be paradoxical and 
highly deceptive. The detailed observation has shown that adaptation by addition of 
adjacent areas, mostly taking place in terms of partial openness of spaces by removing 
internal doors, or creating some sorts of physical connection between spaces, rather than 
by removal of internal walls and partitions which are predominantly of fixed types.
A significant correlation between adaptation in area and internal openings, was 
identified in the traditional, as shown in table (8-3), which might support the above 
conclusion.
Interestingly enough, there are substantial indications that area adaptation, in the 
traditional departments, is conversely influenced by adaptation in technical equipment and 
teaching aids. These indications might explain that higher adaptation in the latter 
attributes can be catered for with less area adaptation. In other words, they demonstrate 
that raising sen/ices level of teaching space and adaptation in technical equipment most 
likely minimised the demand for adaptation in areas in the traditional departments.
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Indicators of change and Changing function and Adaptation in area
adaptation use of teaching dept. of teaching space
New Traditional New Traditional
1. Adaptation in area r(rho) 0.324a
of teaching space. X2 7.550a
2. Addition of adjacent. 0.548 a
teaching spaces. 21.600 a
3. Subdivision of space. 0.284 b 0.371 a
5.790 b 9.900 a
4. Adaptation in the -0.300 b
place-fixed equipment. 5.590 fc
5. Change in openings. 0.260 b 0.266 b 0.597 6
5.000 b 5.090 b 22.120 {
6. Adaptation in utility 0.442 a 0.459 a
services-A. 14.040 a 15.200 a
7. Adaptation in utility -0.368 a
services-B. 8.380 a
8. Adaptation in lighting 0.287 b 0.287 b 0.369£
false-ceiling fixture. 5.920 b 5.920 b 8.420 £
9. Adaptation in environ. 0.235 b
services. 3.960 b
10.Addition of computers -0.289 b
5.180 fc
it.Changing function and r(rho) 0.311 a -0.288 b
use of space* X2 6.980 a 5.140 fc
i2.Change in teaching r(rho) 0.262b -0.344 s
process and methods. X2 - 4.930 b 7.350 fc
(a)significant at p<.01, 0 ) :significant at p<.05
Table (8-3): Correlation matrix between indicators of adaptation (new vs traditional departments)
Examination of correlations between adaptation in areas and organizational changes 
indicates rival relationships between the two groups of departments, as shown in table 
(8-3). Though the above correlations have only included two indicators of change, rather 
than all key indicators, they might partially confirm the assumption about the relevance of 
the demand for change to area adaptation.
The findings might give some clues about the nature of change in traditional schools, 
which can be catered for with less amount of area adaptation, attributed to larger area 
size, loosely-fitted and easily rearranged to accommodate new functions and usages. It
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could be due to the difficulty by whicth such adaptation is made resulting from some 
constructional! constraints. Despite the difficulty of adaptation in area, as perceived by 
users in this group of departments, it is highly likely the first assumption can be 
accepted at this stage of the study. Further examination is needed to verify whether there 
is any significant relationship between the size of areas and flexibility.
On the other hand, the findings explain that organizational change in the new schools is 
highly likely to be associated with adaptation in area by addition or subdivision. They 
demonstrate that such building methods are likely to permit adaptation in area/size of 
spaces and to be made easily during use, and hence, validate the findings regarding users 
perception to change.
The findings are broadly in line with the argument that the major area of design 
decision is in the internal partitioning, which can be rearranged flexibly, usefully and 
with minimum obstruction to create free use of the space.
Practically, they highlight the many design benefits concerning the manipulability of 
the teaching environment, as suggested by the designers. Thus, it can be argued that most 
of the new departments, are not controllable by predetermined arrangement, but by essential 
requirements of users which are inevitably going to change during use. By adopting movable 
types of elements, the means of transforming the environment is becoming more attainable, 
where users could alter their own part of the environment more intimately and reversibly.
Nonetheless, these benefits should be questioned against the issues of initial cost of 
provision and cost of conversion, which seem to be a more crucial aspect which determined 
the viability of these systems.
8.2,4. Internal Adaptation in Teaching Spaces:
It was postulated that variations in types of building methods and the design 
characteristics may affect the extent of internal adaptation in teaching spaces, 
differently. It was also postulated, that certain physical building elements, often, 
revealed higher level of change and adaptation than others, which is most likely to be
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associated with a higher frequency at which it occurs. This will be the controlling 
criterion against which a comparison between the two groups of departments will be made.
To test the above postulation, internal adaptation of teaching spaces was examined and 
substantial variations in the extent and type of adaptation, were identified. From the 
analysis, the lowest percentage of 18.1% was identified with respect to adaptation in the 
place-fixed equipment in the new departments. On the other hand, a lowest percentage of 
4.8% was identified in the traditional regarding change in movable partitions.
Relatively higher percentages of adaptation have been identified, in both groups of 
buildings, regarding interior cabinets, utility services-A, and lighting/false-ceilings, 
but with very slight differences, as shown in table (8-4). Similarly, lower percentages 
with respect to environmental sen/ices were identified in both new and traditional at 26.4% 
and 21% respectively.
The higher extent of adaptation in the former aspects explains the importance for such 
adaptation to be made more frequently in both groups of departments, since they are very 
basic to teaching activities (i.e. needed much more than environmental services). On the 
contrary, the lower extent of adaptation in environmental services indicates the difficulty 
of provision of such services in both groups of departments, due to a higher adaptation 
cost.
Considerable variations were identified, with respects to the remaining aspects, 
indicating a major divergence in the tendency of adaptation within both groups of 
departments. The higher extent of adaptation was identified in the new departments, 
regarding movable partitions and openings which are six and twofold those in the 
traditional; thus, supporting the assumption that the implementation of I.S£.S. has 
actually permitted a wider range of spatial arrangements to be achieved whenever demanded.
On the contrary, a higher extent of adaptation regarding place-fixed equipment and 
utility services-B were identified in the traditional, which are approximately twofold of 
those in the new departments.
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Indicators of internal 
adaptation in teaching 
spaces
New Na= 72 Traditional N®62
(Yes) (No) %Yes (Yes) (No) %Yes
1. Change in movable & 
relocatable partitions.
21 51 29.2 3 59 4.8
2. Change in the interior 
cabinets.
46 26 63.9 46 19 69.4
3. Adaptation in movable 
technical equipment.
14 58 19.4 21 41 33.9
4. Adaptation in
place-fixed equipment.
13 59 18.1 23 39 37.1
5. Adaptation in openings. 47 25 65.3 21 41 33.9
6. Adaptation in utility 
services-A (e.g. power 
points, communication,etc
46 25 63.9 41 21 66.1
7. Adaptation in utility 
services -B (e.g. water 
supply, fuel and gas).
15 57 20.8 36 26 41.9
8. Adaptation in fighting/ 
false-ceiEngs units.
33 39 45.8 31 31 50.0
9. Adaptation of
environmental services.
19 53 26.4 13 49 21.0
10. Addition of computer/ 
micro systems.
1 71 1.4 12 50 19.4
11 .Addition of Audiovisual 
remote-video systems.
7 67 9.7 14 48 22.6
Table (8-4): Percentages of internal adaptation in teaching spaces
(new vs traditional departments)
A higher extent of adaptation in computer systems and audiovisual/remote-video systems 
was identified in the traditional at 19.4% and 22.6%. This compared with percentages of 
1.4% and 9.7% in the new departments for the same attributes respectively. Thus, 
supporting the general findings of flexibility, concerning the innovation in the teaching 
methods adopted in the traditional schools and the extension of teaching materials for 
individualised learning and project works.
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It becomes clear that the average [percentage score of adaptation for all indicators is 
relatively higher in the new, comparted to the traditional departments, supporting the 
findings arrived at in the previous chaptter.
In both groups of departments, the significance of the above percentages can be 
examined, in relation to the strength of correlations between indicators of adaptation, as 
shown in Appendix-H12. Significant correlations were identified in the new departments, 
between adaptation in utility services-A and most of the remaining indicators, 
particularly, the adaptation in openings and lighting/false-ceiling fixture.
On the contrary, very significant correlations between adaptation in place-fixed 
equipment, and most of the indicators of adaptation were identified in the traditional, as 
shown in Appendix-Hl2.
This might explain; firstly, that highly-serviced teaching areas are much more 
subjected to adaptation during use, compared to low-serviced areas in the new departments. 
Secondly, that there is an increasing tendency to convert services areas, such as, toilets 
and cloak rooms into different purposes, which is due to a higher redundancy of these 
areas, (see p. 157) This can be attributed to the decline in the number of enrolled 
pupils in school buildings. Such conversion, however, might necessitate major 
modifications, by removing sanitary installations and fixtures (see Appendix-I).
An empirical generalisation about the pattern of internal adaptation, in both groups of 
departments, could be drawn. In the new departments, internal adaptation was frequently 
made, to accommodate some types of utility services-A, which mostly occurred, in the 
generalised and low-serviced areas and coincided with adaptation in the spatial 
characteristics of departments, as a whole. This, however, implied that internal 
partitions have to be removed, or relocated, concomitant with openings, which have to be 
changed occasionally.
In traditional departments, major internal adaptation has been made particularly in the 
equipment/ utility services of the highly-serviced areas, resulting from higher demands tor
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renovation and modernisation of the requirements of activities. However, the two groups of 
departments can be compared according to their organizational change as follows.
8.2.5. Organizational Change in Teaching Spaces;
It was assumed that organizational change can be indicated in terms of change in 
activity requirements in relation to teaching space. Five main activity indicators were 
investigated referring to size of learning groups, activity types, use of space, users of 
space and the teaching methods adopted. The second and the fifth indicators were 
investigated in more detail, in relation to changes in the time-tabling, curriculum and 
courses exhibited and the teaching-aids deployed.
From the examination, slight variations between the two groups of departments were 
distinguished, but with considerable variations in the attributes of change, within each 
group. As shown in figure (8-5), the highest percentage of 56.9% was identified in the new 
departments, regarding change in function of space, compared to the lowest of 11.1% 
regarding change in users of the space.
In the traditional departments, the highest percentage of 64.5% was identified with 
respect to change in type of activities, compared to the lowest of 8.1% regarding change in 
the user of space.
However, the most significant variation, between the two groups, concerned the change in 
teaching methods, where 16.7% was identified in the new departments, versus 33.9% in the 
traditional. Such variation explains the increasing demand for new types of activities in 
the traditional departments resulting from the recent development and innovation in 
teaching methods and curriculum.
Both new and traditional departments revealed a higher extent of organizational change, 
but the average percentage score was found to be slightly higher in the latter. Further 
examination between the two groups of departments can be made according to the change in 
the detailed characteristics of activities.
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Indicators of organizational 





(Yes) (No) %Yes (Yes) (No] %Yes
1 .Change in organization 
and learning groups size
34 38 47.2% 34 28 54.8%
2.Change in type of 
activities.
38 34 52.8% 40 22 64.5%
3.Change in the use and 
function of space.
41 31 56.9% 38 24 61.3%
4.Change in the user of 
space.
8 64 11.1% 5 57 8.1%
5.Change in the teaching 
methods.
12 60 16.7% 21 41 33.9%
Table (8-5): Percentages of organizational change in teaching spaces
(new vs traditional departments)
0 Change ia types and characteristics of activities;
The types and number of activities performed in teaching spaces five years ago and now 
was examined. Minor change in the number of activities was found in both groups of 
departments. In the new departments a considerable increase was identified, with respect 
to general teaching and supervision by a team of teachers, compared to only four activity 
types undergoing a decrease in the traditional, as shown in table (8-6).
Types of Activities New depts. N=72 
Previous Present 
activities activities
Traditional depts N=62 
Previous Present 
activities activities
1 .Tutoring individuals 
or small learning groups.
2.General teaching/lecturing.
3.Supervision by a team of 
teachers for different group
4. Experimenting involving 
equipment and instruments.
5.Preparation and maintenarx
6. Discussion and seminars.
7. Relaxation and socialising.
75 % 70 %
40%  50%  
20%  35%











Table (8-6): The pattern of change of teaching act'ivities-(new vs traditional)
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Further examination was carried oiut to identify the percentage of teaching spaces 
according to the number of teaching aspects causing change. In this respect, it was found 
that 24.3% of the respondents in the traditional group indicated that there is no change 
whatsoever in their teaching spaces as shown in table (8-7).
In the new departments, higher percentages of respondents reported change in one or more 
of these aspects were identified, compared to the traditional departments. This might 
enable us to conclude that more organizational change has happened in the latter.






1. Zero aspects. __ 24.24%
2. One aspect. 26.3% 14.19%
3. Two aspects. 15.8% 25.20%
4. Three aspects. 31.6% 15.13%
5. Four aspects. 21.1 % 18.20%
6. Five aspects. 5.3 % 3.03 %
Table (8-7): Percentage of number of teaching aspects in which change occurred
(new vs traditional departments)
To sum up, a relatively high degree of organizational and activity change has been 
identified in both groups of departments, but a higher degree of change in the detailed 
characteristics of activities, was found in new compared to the traditional. In both 
cases, however, organizational change can be explained and considered, in relation to the 
extent and the amount of adaptation (i.e. spatial and internal adaptation).
i») Organizational change and internal adaptation:
At first glance, causal relevance between organizational change and a few specific 
indicators of internal adaptation, were found in the new departments, but at various levels 
of significance, as shown in appendix-H13. Such relevance, however, was partially 
supported in the traditional regarding movable/place-fixed equipment and utility
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services-(B), but once there is an ad ho>c demand to raise the level of services of teaching 
spaces, or due to innovation in the teaching methods.
So far, substantial empirical evidence has been gathered, enabling use to argue that 
teaching spaces in the new schools are highly subject to adaptation in their areas and 
internal facilities, whereas, the size of areas seem of minor importance to accommodate 
change in the traditional schools. This, however, might give some clues about the 
appropriateness of teaching areas, in the latter to accommodate active learning patterns, 
which increasingly characterise new teaching methods.
A primary conclusion can be drawn accordingly, that traditional school buildings could 
be recognized as largely effective, in as much as they suit changes in educational methods 
when these are brought into use. Rejecting the past claims that such buildings will 
outlive the methods for which they were originally conceived and militate against any 
development being made during use (p. 42).
Some other conclusions could be drawn; that the traditional schools are much more 
responsive to the change in teaching methods and activities-than was predicted earlier. 
The degree of responsiveness, however, could be attributed to an efficient school 
management and flexible organization of both time-tabling and teaching staff. Most 
importantly, it can be attributed to some design characteristics advocated in most of these 
schools, inter alia, larger size of areas, resulting from higher area standards, and 
overprovision of teaching and services areas.
The relevance of size of area to flexibility, has been highly supported and a 
significant positive correlation was found between area ranking and overall organizational 
change (i.e. aggregation of all indicators), at r(rho)=0365, sig. at p<.01, whereas no 
such correlation was found in the new departments. On the contrary, area ranking was found 
to be only correlated to overall internal adaptation in the new schools at r(rho)--0252, 
sig. atp<.05, whereas no such correlation was revealed in the traditional.
The relevance of overprovision of areas to flexibility can be considered, more or less, 
as a casual consequence of the decline in the enrolment and due to amalgamation of school
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buildings on adjacent sites as was explained in the previous chapter (see pp. 174-176) 
Further discussion about this issue will be made in the next sections.
8.2.6. Comparison between Traditional and New Departments-Summary of the Findings;
The investigation in the previous sections was focused on assessing and comparing 
flexibility of two groups of teaching departments, in order to achieve the third objective 
of this study.
The selected departments are considerably different in terms of the design variables 
advocated in each of them, which enabled a representative sample of teaching spaces to be 
drawn from each group for in depth investigation.
The findings revealed significant variations in the achieved flexibility between the two 
groups of departments, depending on the particularity of indicators of flexibility upon 
which examination was undertaken, as shown in figure (8-3). The findings were shown to be 
very crucial with respect to some indicators, but less conclusive to others which can be 
summarized as follows:
i) Change in the function/use of teaching departments:
By and large, the findings explain the increasing tendency for conversion and 
modification in the traditional, which frequently coincided with raising their level of 
services to accommodate highly-serviced activities. This trend confirms the commonly held 
belief that schools are becoming much more heavily-serviced to cope with the coercive and 
continual process of change evolved from the increasing demand for innovation in teaching 
methods, curriculum and practical work.
Contrary to that, a lower demand for conversion was identified in new departments since 
these innovative modes have already been considered in their proposed designs. The 
findings demonstrate that the tendency for changing function in the latter is highly 
affected by the ease, with which, spatial adaptation is to be made, exemplified by 
inserting new partitions or subdividing areas.
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u) Changin g level of services of teaching departments:
By and large, the findings pointed to a higher rate of raising the level of services in 
the traditionall departments to accommodate some specialized and highly-serviced teaching 
areas, compared to the new departments.
The motivation for change in the former might explain the shift in the requirements of 
activities, partly due to the deficiency in the provision of particular equipment and 
utility services necessary to accommodate highly-serviced areas.
The findings highlight the increasing demand for new electronic devices and movable 
teaching-aids, as the most prominent aspects of innovation in teaching. These aspects can 
be represented, mainly, by a continually increasing use of small portable equipment, 
adaptable Visual Video Display Units (W DU), computers and so on. This demonstrates that 
the demand for flexibility is becoming associated with such innovative aids, and is greater 
than can be provided by fixed and highly-serviced benches. These benches were found to be 
highly obstructive and are often used only as storage surfaces, which required further 
modification, or replacement, to create more flexible space.
They raised further questions about space specialization. They demonstrate that if a 
space is required to be devoted permanently to the use of one particular audiovisual aid or 
computer terminals, whether it be a language laboratory, or computer/resources room, it 
will inevitably tend to dictate group size and limit timetable flexibility.
By opting for a form of equipment which is itself adaptable and portable, the use of the 
equipment can be adapted to the requirements of teaching and the degree to which the school 
building needs to be changed or adapted is minimized.
iii) Internal adaptation and organizational changes:
Considerable variations in the amount and type of internal adaptation in both groups of 
departments were identified. In the new departments, minor adaptation was made in the 
utility services-(A) in relation to the contents and spatial characteristics of space as a
-215-
whole, where the locations of internal doors and openings have to be changed more 
frequently.
In the traditional departments, majjor internal adaptation was made in technical 
equipment and utility services-(B) to accommodate highly-serviced areas, or to renovate the 
existing specialised areas. Such adaptation is necessitated once there is an ad hoc demand 
for raising the level of services of teaching spaces.
However, the findings demonstrate that new schools are highly subject to change but with 
minor adaptation of internal facilities wfthin the spaces, whereas in the traditional, 
teaching spaces are highly subject to change associated with major adaptation in services.
In both cases the extent of change have to be explained in relation to the amount of 
spatial adaptation.
iv) Spatial Adaptation and Organizational changes:
It is evident that spatial adaptation of teaching departments can be indicated through 
adaptation in area supported by data about reasons for adaptation. Both spatial adaptation 
and organizational change were distinguished to be substantially higher in the new compared 
to the traditional, which could be explained differently.
In the new departments a higher extent of adaptation in area, is most likely associated 
with changing their functions, particularly, when the concerned department is of a 
low-serviced level. No such relationship was identified in the traditional, which may 
explain the irrelevance between area adaptation and changing function of departments.
The findings demonstrate that the greater extent of spatial adaptation in the new 
departments is facilitated by the ease with which spaces can be amalgamated and/or 
subdivided and most likely attributed to the higher potential of demountability of 
partitions.
They confirm the assumption that I.SJBS. may permit adaptation in teaching areas to be 
made more easily during use, compared to the T.S£.S.. Thus, supporting the past claims 
about the level of independence of building elements, which was found to be valid in
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relation to ease <of adaptation in schooil buildings (p. 49). They support the past claims 
about the "long-ilife/loose-fit" notion (pp. 23-24), regarding some parts of the building, 
which can be redesigned after initial construction. Validating those ideas about the 
susceptibility of adaptation of certain building elements which differ in their life-cycle 
from the whole and are more frequently adapted.
The findings revealed a considerably higher amount of changes, in both groups of 
departments, with respect to the general characteristics of activity. Nonetheless, a 
greater amount of change was identified in the new departments, regarding the number of 
activities and percentage of teaching spaces undergoing change in aspects of teaching, 
compared to the traditional.
Relationships between organizational change and adaptation in areas have been partially 
confirmed, but they are contradictory in their strength and directions. In both groups of 
departments, change has been catered for differently, i.e. with or without adaptation, 
enabling a deduction about flexibility to be drawn.
In the traditional schools, the increasing demand for change has been catered for with a 
lesser amount of adaptation, or without any adaptation whatsoever, compared to a higher 
extent of adaptation in the new departments. Thus, traditional schools can be considered, 
in principle, as more flexfele than the new schools, since they endured higher amounts of 
change with less adaptation. This can be attributed to larger areas resulting from a  
higher area allocation per pupil which are loosely-fitted to accommodate new activities. 
Some links between the size and adaptation of areas were found; the larger the size, the 
tower is the demand for adaptation. Nonetheless, tower extent of adaptation could be 
attributed to some constructional constraints.
Both explanations can be accepted at this stage of the investigation, but there is 
increasing evidence to accept the first explanation due to the specificity of data about 
adaptation, while the second explanation is more or less general and reflects the 
difficulties which emerge from adopting traditional methods, as such, without necessarily 
indicating any inadequacy of the size of teaching areas.
In the new schools, a higher extent of adaptation can largely be attributed to 
independence/separation of building elements and variety of teaching spaces. Albeit the 
higher variety of areas articulated in a semi-open pattern, it was found that small spaces 
were designed to accommodate particular types of activities (i.e. tutorials, seminars, 
group work), while larger spaces were frequently amalgamated with circulation areas and are 
not efficiently utilized and malfunctioned. Apart from that, the findings show that new 
schools are very restricted in their standards (i.e. designed according to a minimum area 
per activity types), that teaching areas are limited to certain types of activity and found 
to be inadequate to accommodate new types of activities during use.
Therefore, it can be argued that such design ideas on an optimum fit of group size for 
given teaching purpose, are no longer valid with respect to flexibility, highlighting the 
inadequacy of those methods of quantification which are based on the prediction of the 
demand for work places of a particular type of activity (p. 109,153).
Finally, the findings provide further clarification about the ways of accommodating 
change in school buildings in connection with activity/space interlace. Supporting the 
past claims about the mismatch between activity requirements and the space provision, 
indicating that as the degree of mismatch increases over time, spatial adaptation may arise 
as revealed in the new schools. As a conclusion, spatial adaptation was found to be highly 
influenced by three main variables of the design: independence/separation of building 
elements, variety of areas, and articulation of generalized with specialized areas.
The validity and reliability of the findings are more than expected, despite the many 
limitations which were imposed due to the small sample examined and the limitations of 
time, resources and information necessary to investigate such a complex phenomenon. Though 
the findings can be acknowledged to be tentative at this stage of the investigation, they 
highlight the complexity of aspects which regulate the accommodation of change and in 
school buildings. Specifically, they provide substantial understanding and explanation to 
relevance of design variables to flexibility. Further empirical evidence about the
influence of th(ese variables on flexibility is needed, which will be investigated in the 
next chapter.
83. Flexibility of Schools Buildings- Comparison of Teaching Departments:
Comparison of achieved flexibility between ten teaching departments has been made which 
will be considered as the basis for testing the research hypotheses.
The comparison took into account the similarity in their use/function and level of 
servicing provided in each of them concentrating on only three main specific indicators of 
flexibility; adaptation in areas (i.e. spatial adaptation), internal adaptation and 
organizational, which can be summarized as follows.
83.1. Adaptation in the Area/Size of Teaching Spaces:
Examination of the extent of adaptation in area/size of teaching spaces indicated wider 
variations in the amount of adaptation between departments.
Highest percentage of spatial adaptation was identified in Kingdowns\xTH at 79% compared 
to zero adaptation in Culver hay c d t  and SheldonnuM repeatedly, as shown in figure (8-4).
Further examination about the reasons for adaptation was made regarding addition of 
adjacent area, subtraction, subdivision of teaching area and addition of a completely new 
area. The examination has been carried out by considering the percentage for each 
indicator and later on by computing the average of percentages for all indicators, as 
illustrated in figure (8-5).
From the analysis, highest average percentages were identified in OldfieldCDT and 
KingdownSlXTH at 20% and 18.4% respectively, compared to 0% in both SheldonHUM and 
CulverhayCDT.
The comparison revealed considerable variations between the percentages of adaptation in 
area and the average percentage scores of reasons for adaptation. These variations give 
clues about the reliability of the latter percentages other than the former, since they are 
more consistent with the detailed observation. Hence, the latter scores w l be considered
for comparing the extent of spatial adaptation of departments. The pattern of adaptation 
can be described as follows:
Firstly; by the removal of intematl partitions to facilitate combining two adjacent 
teaching areas into relatively larger areas. The highest extent of adaptation by 
addition of adjacent areas was identified in departments D-Henry CDTISC and 
J-KingdownSIXTH, compared to lowest extent in department C-SystonCDT. Such adaptation 
explains the inadequacy of the smaller areas, such as seminar, tutorial rooms which 
revealed to be limited to only a few types of activity and the overprovision of services 
areas (see Appendix-1). Over-provision of services areas is clearly shown in 
departments B-HardinCDT and H-KingdownTEACH. This can hardly be justified, due to the 
higher level of maintenance and running costs required to sustain these areas, within an 
acceptable level of performance. The necessity for converting these areas into 
moderately larger ones, emerged from the demand to accommodate new teaching activities, 
which was found to be the first priority amongst many other demands for change and 
adaptation.
Secondly; by inserting new partitions and subdividing the larger open areas into 
medium-size enclosed areas, to accommodate those types of expository and formal teaching 
and staff working areas. This can also be attributed to redundancy of larger areas, 
lower use efficiency resulting from inadequate time-tabling and lack of organization 
between various activities performed simultaneously, as shown in department
\-FranceENGIAR T.
Thirdly; by amalgamating two adjacent teaching areas into one larger, or amalgamating 
circulation areas to increase the usable area, such as converting two classrooms into a 
library, as shown in department F-€ulverhayHUM. Also, by subdividing and subtracting 
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However, teaching departments can be compared according to the average percentage of 
adaptation and the Index of Actual Adaptation Scores (us), as shown in figure (8-6). From 
the comparison it was found that the (iAs)scores are, to a certain degree, commensurate 
with average percentage scores identified earlier. Meanwhile, it was found that teaching 
departments are almost identical in their ranking order, except for department (J) which 
could be ascribed to a relatively smaller amount of adaptation and the smaller size of 
areas undergoing adaptation. The highest (ia s ) score was identified in department (!) at 
(130.4) compared to the lowest (0) scores in both departments (A) and (G) respectively.
Ranking order of teaching departments is illustrated in figure (8-6) which can be 
described in descending order by; the highest degree in department (I), less higher degree 
in departments fD) and fEl. medium degree in department ICY lower degree in departments 
(F), (J), (B) and (H) and the lowest degree in departments (A) and (G).
8.3.2. Interna! Adaptation of Teaching Spaces;
Considerable variations were identified between teaching departments regarding the 
amount of internal adaptation, which can be interpreted to indicate the variation in their 
extent of flexibility in use as follows.
i) Internal adaptation-fspatial characteristics);
At first glance, considerable variations between these layouts were distinguished with 
respect to content/spatial characteristics of teaching spaces. Comparison of the (MS) 
scores with respect to aggregation of the above indicators pin-pointed to a highest score 
of 59.5 in department (I) compared to the lowest of 5.5 in department (H), as shown in 
figure (8-7). Meanwhile, the remaining departments revealed a wide range of adaptation 
scores; higher scores in most of the new compared to the traditional departments.
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Figure (8 -6 ): Ranking order of teaching departments according to their scores and 
extent of spatial adaptation (indicator one of flexibility)
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iflJnternal adaptation-fservices characteristics): '
Wide variations between departments with respect to services characteristics were 
identified. By and large, it was found that the higher the extent of adaptation in spatial 
and contents characteristics, the lower the adaptation in services characteristics, except 
for departments (E) and (I) which had a higher amount of adaptation in both 
characteristics. Also, the average score of adaptation in services was found much higher 
in the traditional, compared to the new departments, as illustrated in figure (8-7).
Comparison of departments according to their average percentage scores, with respect to 
overall internal adaptation, was made and a wide range of variations between departments 
was identified. These variations extend between the highest average of 60% in department 
(E) versus the lowest of 11.1% in department (C). It was found that these scores are 
highly consistent with the (IAS) scores, which were identified in all departments, where 
the highest score of 39.4 was identified in department (E), compared to the lowest of 9.3 
in department (C).
Teaching departments can be ranked, according to their extent of internal adaptation, 
depending on their (IAS) scores, as shown in figure (8-8). Very slight to and fro, 
variations within the same level of category were revealed, compared to their ranking with 
respect to the average percentages of adaptation, which could be ascribed to differences in 
areas of spaces and amount of adaptation undergone. Despite such minor variations, ft is 
shown that teaching departments are clustered within the same category (i.e. high, medium 
and low levels) and revealed quite the same ranking order, validating the process of 
assessment as a whole. As shown in figure (8-8), the ranking order of departments can be 
described as follows:
a) The highest extent of internal adaptation in departments (E) and (I).
b) Higher extent in departments (B) and (A).
c) Medium extent in departments (G) and (D).
d) Lower extent in departments (H), (F), (J) and (C).
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Figure (8-8): Ranking order of teaching departments aocordlng to their extent of 
both Internal adaptation and organisational change (indicators two 
and three of flexib ility  )
Considerable variations in the extent of organizational change were identified between 
teaching departments. The average score for all indicators of change has been considered 
as the third specific indicator for measuring flexibility. Higher average scores were 
identified at 75.6% in department (A), 65% in (G), 57.1% in (B), 55% in (H) and 41% in 
department (E). This compared with 55% in department (!), 41% in (F), 38.2% in (J), 24.1%  
in (D) and 22.5% in department (C). Ranking of departments according to the extent of 
organizational change is shown in figure (8-8), which can be described as follows:
a) Highest degree in departments (A) and (G).
b) Higher degree in departments (B), (H), and (E).
c) Lower degree in departments (I). (F) and (J).
d) The lowest degree in departments (D) and (C) amongst all departments.
From the above comparison, it becomes possible to arrive at an overall assessment of the 
extent of flexibility, by considering the scores of departments with respect to the three 
specific indicators of flexibility.
83.4. Flexibility of School BuiJdings-Findings:
It was proposed in chapter V that teaching departments can be considered to be 
representative of school design as a whole. It was also postulated that flexibility can be 
measured in terms of amount of change, in relation to the amount and extent of adaptation 
that has been made. Thus, if these departments are similar in the amount of change and 
adaptation, then they are similar in their flexibility. If they are similar in the amount 
of change only, then those with the least adaptation are the most flexible. Whereas, if 
these are similar in the extent of adaptation only, then those with the largest amount of 
change are the most flexible. Otherwise, when the departments varied in both change and 
adaptation, then their flexibility will be assessed by considering the amount of difference 
between them in change, in relation to adaptation.
In measuring flexibility, the average percentage scores will be considered as a basis
for indicating change, while the (IAS) scores will be considered for assessing adaptation 
only. Given the variations in the extent of change and adaptation in the selected teaching 
departments, flexibility can be assessed according to four main possible conditions:
i) Lower extent of adaptation with higher extent of change:
In this case, the teaching department can be considered very flexible, where a higher 
extent of change can be accommodated with less adaptation, but this judgement is probably 
dubious. Buildings undergoing a higher amount of change could also demand a higher amount 
of adaptation, which can not be carried out owing to different constructional and financial 
constraints. Given that adaptation is highly unpredictable during the life span of any 
building, it becomes necessary to distinguish whether there is no need for such adaptation, 
or whether such adaptation is not possible.
Hence, additional measures are needed in this case, if any reliable judgement is to be 
made about the overall flexibility. This might suggest adopting some subjective measures, 
by incorporating users’ responses, as conclusive evidence to indicate flexibility.
iil Higher extent of adaptation with lower extent of change:
In this case, a greater amount of adaptation has been made to cater for a relatively 
small amount of organizational change. This is almost the case when there is a demand for 
teaching space necessitating adaptation in area and the facilities within the space. 
Therefore, the department will be considered in this case to be highly inflexible.
iii) Higher extent of adaptation with higher extent of change:
This will be always the case, when there is a much higher demand for change in types of 
activities and the use of teaching spaces, resulting in a considerable change in their 
level of services and technical requirements.
In this case, it is reasonable to assess the teaching department as highly flexible, if 
users perceive change and adaptation to be easily achieved. By considering that greater
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resources (i.e. material and labour cost of adaptation) were deployed to cater for such 
adaptation, one woiuld further argue that such a department is highly inflexible and more 
expensive to adapt to the requirements of tie users. Attempting to assess flexibility, it 
seems that cost of adaptation is the most crucial and determinate aspect, and thus, if a 
higher amount and frequency of change is made related to higher amount of adaptation with 
lower cost, then teaching departments can be assessed as more flexible compared to others.
iv) Lower extent of adaptation with tower extent of change:
This case may postulate less demand for change in the organization and activities housed 
in the building. It could be attributed, either to a lower demand for change, or to lack 
of resources necessary to achieve change or adaptation. In both cases, the department may 
be considered to be in an equilibrium state, and hence, there is no way to interpret the 
extent of flexibility unless, other diagnostic measures of performance, such as functional 
efficiency, maintenance and operational cost, are deployed. Also, some other subjective 
measures, such as users perception of change, can be adopted for the purpose of assessment.
It becomes clear that assessing flexibility in use is highly subject to possible 
variations in the interpretation of the results arrived at from the statistical analysis 
and measurements, indicating the complexity of investigating this phenomenon. Such 
complexity always exists in such research seeking an answer about which building is more 
flexible than another.
The comparison will consider the extent of change as the basis for making 
judgement, and hence, if departments are relatively similar in the amount of change i.e. 
within the same ranking level of change, those with the least adaptation will be judged as 
the most flexible.
From the comparison, a very high extent of change was indicated in department (A) and 
(G), but the former revealed slightly less extent of adaptation than the latter. 
Therefore, department (A)~CulverhaylCDT can be considered to be the most flexible one 
amongst a ll departments, followed by department (G)-SheldonfHUM.e the second in its ranking
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o f flexibility. However, both departments belonged to the traditional school building type 
and both were constructed according to TSJ1S.. In both departments, adaptation in 
area/size was perceived by users to be very difficult, compared to the ease of 
accommodating charage which has been highly supported by their users, and hence, both can be 
considered to be ideal for achieving flexibility in use.
A hioh extent of change was indicated in departments (B), (E) and (H), but it is 
slightly higher in department (H) than others. Lesser extent of adaptation was indicated 
in department (H) compared to (B) and (D). Therefore, department (Hy KingdownlTEACH can 
be considered to be the highest in its extent o f flexib ility amongst the three, and the 
third in its ranking order amongst all departments. Meanwhile, both departments (B) and
(E) revealed a similar extent of change, but the former had less adaptation than the 
latter, and hence, department (B)-HardinlCDT can be considered to be the fourth compared to 
(E) which is the fifth  in its ranking offlexibility .
A lower and similar extent of change was indicated in departments (I) and (F), both of 
which are slightly higher than department (J). However, a substantially higher extent of 
adaptation was identified in department (I), compared to (F) and the least in (J). 
Therefore, department (F)-CulverhaylHUM can be considered more flexible and the sixth in 
its ranking order amongst all departments, followed by departments (J)-KingdowniSIXTH and 
(I)-FranceENG/ART, the seventh and the eighth in their ranking order o f flexib ility amongst 
all departments.
Very low extent of change was identified in departments (D) and (C) and was slightly 
less in (C) than (D). However, the change was catered for with a higher extent of 
adaptation in department (D) compared to (C). Therefore, department (D) could be judged to 
be the higher in its extent o f flexibility and the ninth in its ranking order amongst all 
departments.
As department (C) indicated the least amount of change and adaptation amongst all the 
ten departments, it is very difficult indeed to make any judgement about its flexibility.
It seems that this department is in an equilibrium state, where neither any significant
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demand for change), nor for adaptation was identified.
Two distinctive differences can be envisaged; firstly, that this department is part of 
a large compact plan, and secondly, that the teaching areas contained therein, are larger 
than those in the other departments. This may give some clues about its flexibility and 
suitability to cater for the changing requirements of organization and activities housed in 
it, at least, for the present time.
To sum up, an overall assessment of flexibility of ten selected teaching departments has 
been made which can be summarized in table (8-8) and figure (8-9). The Departments were 
assessed according to the amount of change in relation to the extent of adaptation. As the 
departments differed in both change and adaptation, those with higher change and the less 
adaptation were considered to be more flexible than others. The next chapter will 
investigate the relationship between the incorporation of design variables in the 











A-CuhrerhaycDT Very Low Medium Very high Very high
B-HarxfnhuishcDT Low Low High High
C-SystoncDT/sc Medium Low Low Very low
D-HenrycDT/sc Very high Medium Very low Low
E-ddfieidcDT High Very high High High
F-CulwerhayHUM Low Low Low Low
G-ShefdonnuM Very low Medium Very high Very high
H-KingdownTEACH Very low Low High High
l-FranC8ENG/ART Very high Very high Low Low
J-WngdownsixTH Low Low Low Low
Table (8-8); Overall assessment of extent of flexibility in use of ten teaching departments
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F ig u re (8 -9 ): Overall assessm ent of fle x ib ility  of ten teach ing  d ep artm en t
CHAPTER IX  
DESIGN VARIABLES AND FLEXIBILITY OF 
OF SCHOOL BUILDINGS IN USE
9.L Introduction;
The investigation in this chapter will focus on examining and testing the relationship 
between the design of school buildings and their flexibility in use, which is the prime 
objective of this study.
Testing relationships between these variables and flexibility necessitates testing 
research hypotheses which were formulated from literature; the main, the rival and the 
null-hypothesis. The main hypothesis postulated that the higher the extent of incorporation 
of design variables, the higher the extent of flexibility. The rival hypothesis stated that 
higher incorporation of design variables may yield lower extent of flexibility in use. 
Contrary to the above, the null hypothesis stated that there is no relationship between 
design variables and flexibility in use. The main research hypothesis splits up into many 
sub-hypotheses, guided by some main proposition underlying the variations in the school 
designs.
To test the hypotheses, two sets of relationships can be identified which are relevant to 
measurable design variables, the similarity of areas of rooms and uniformity of structure. 
The outcome of the test will enable further deduction to be made about the relevance of some 
descriptive design variables to flexibility.
However, testing the above hypotheses might enable a comparison of the relationships that 
may appear from the empirical study with those predicted by them. It should be emphasized 
that the aim of the test is for hypothesis verification, rather than to confirm them with a 
higher level of certainty, that an empirical generalization could be made about how these 
variables contribute in optimizing flexibility.
Bearing in mind the complexity of the phenomenon investigated in this type of research,
which is social-sciience orientated rather than natural science, other possible factors 
influencing the exttent of flexibility will be eliminated, or controlled, if possible. Even 
though, one shoulid not expect to find in this research the kind of clear-cut relationship 
between cause and effect which is more likely, though not always, obtainable in the natural 
sciences. Hence, investigating relationships will be a matter of probability rather than 
certainty and association between variables rather than causality.
Given the limitation of size of the study sample, some inferential statistical measures 
will be used in measuring relationships, supported by analytical comparison of departments 
according to their score and ranking order for each design variable and flexibility.
In this respect, if there is neither correspondence in any rank order of building, nor in 
respect of differences between them in their scores of design variables and flexibility, 
then no relationship will be demonstrated. Contrary to that, if there is any sensible 
correspondence, or differences, in these scores in both ranking orders, then a significant 
relationship can be assumed. In other words, if the two ranking orders are of the same 
ascending, or descending order, then a positive relation will be assumed and, vice versa, 
for the rival directions.
A higher level of confidence will be placed on the statistical findings, in order to 
eliminate those irrelevant interpretations, resulting from lack of empirical data. The 
following sections discuss the findings of relationships between the above design variables 
and flexibility in use.
92. Findings:
Prima facie, significant positive relationships were identified between the two design 
variables and overall flexibility, and hence, supporting the main research hypothesis, i.e 
that there is a positive relationship between the extent of incorporation of both variables 
and flexibility in use. Nevertheless, in some cases a few negative relationships were 
obtained between the indicators of flexibility and design variables, which arose in the 
sections relevant to discussing relationships, in other cases, no relationship between some
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indicators of design variables and flexibility were found, which are of higher importance in 
providing an insighft in those areas which have not been thoroughly investigated in past 
studies of flexibility.
92.1. Similarity of Area and Flexibility:
By and large, a significant positive relationship was confirmed between similarity of 
areas and the overall flexibility. These relationships can be represented in terms of all 
six indicators as shown in table (9-1).
It was shown that the highest extent of similarity of areas was identified in the 
traditional schools, particularly in departments (G), (A), (H), (F) and (B), compared to the 
lowest extent of simflarity in the new schools represented by departments (I), (J), (E) and 
(D). (p. 163-166) On the other hand, a higher extent of flexibility was found in the same
traditional departments, compared to the new departments.
It becomes clear that there is a distinctive pattern of ranking order of the departments 
with respect to indicators of similarity and the overall flexibility which confirms a 
positive relationships, as illustrated in figure (9-1). Therefore, it can be argued with a 
higher confidence that the higher the extent of similarity the higher the extent of 
flexibility and vice versa.

























Aveg. o f 
Coefvar-B 
(Rlmean)
Overall flexibiSty .639(P .5760b .6870* .61OO6 .5370b .0550*
(a): sig. atp<0.01
(b): sig. atp<0.05
Table (9-1): Correlation matrix between similarity of areas of rooms and flexibility
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Specifically, wherii similarity of areas was examined in terms of the highest percentage of 
rooms-indicator th^ee. it was found that most of the teaching areas in the traditional 
departments were (Clustered within only three types. Most of them fall within a range of 
41.5-69.0 m2, as revealed in departments (G), (A), (H) and (F), at a percentage range of 
68%-47% except for department (B) which revealed a slightly lower percentage at 35% as shown 
in table (6-2).
On the contrary, a higher degree of variety of areas was distinguished in most of the new 
departments, which were distributed on a broad range of area types as shown in departments 
(D), (E), (C) and (J).
The above variations, however, have contributed to the variations in departments scores, 
with respect to their extent of room minimization-indicator four where higher scores were 
identified in the same traditional departments within a range of 27%-30%, compared to the 
lower scores at a range of 16%-21%, which were identified in the new departments (see p. 
165).
Additionally, significant variations in the scores of departments were identified, when 
similarity was measured, within groups of areas. Though slightly lower scores were revealed 
in the traditional departments (A), (F), (B), (H) and (G). their ranking order does not 
fully correspond to their previous ranking order, when similarity was measured with respect 
to all areas in the departments.
Nonetheless, as grouping of areas is highly determined by the criteria of categorization 
which is not fully objective, these relationships can be considered as supportive, rather 
than crucial in determining the relationship, compared to those which emerged when 
similarity was measured with respect to all areas.
Some conclusions could be drawn accordingly; that the greater extent of similarity of 
areas the higher the extent of flexibility in use, supporting the past claims which pointed 
to maximizing similarity rather than variety of areas, as the main prerequisite for 
promoting flexbility. It becomes clear that the past ideas on designing for similarity (p. 
69) are, to a higher extent, valid in relation to flexibility.
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Figure (9-1): The relationship between similarity of area and flexibility
It can be concluded that by minimizing types of rooms within a certain range of areas, as 
well as unifying them on the whole building scale into a few specific types, is mostly and 
significantly correlated to flexibility. The past design notions of "loose-fit" space and 
the "multi-strategy building" (pp. 70-71), have been wholly supported in the empirical 
study and appeared to be relevant for optimizing flexibility.
These ideas revolved around increasing the similarity of areas within each type in 
building, as well as between all areas, to maximise their flexibility in use. In other 
words, the findings demonstrate that it is in both the general and detailed level of 
similarity that these assumptions about flexibility are valid.
Furthermore, the findings overwhelmingly support those claims regarding the "multi-use" 
spaces, (pp. 70-71) Accepting that there is a specific range of areas, (42-69 m2) relevant 
to most activities. Hence, the validity of the school design approach based on 
accommodating a variety of teaching areas is no longer tenable, since these areas are 
appropriate for only specific types of activities, rather than the most predictable 
activities. Though several design benefits could be attained by creating a variety of
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teaching areas of different sizes, their spatial provision was found to be inadequate, which 
make their use limited to only a few activities.
As relationships tbetween the similarity of areas and flexibility are of more significance 
when similarity was measured with respect to indicators three and four, this might support 
the claims arguing 1or the limitation of types of areas of rooms within certain range to be 
more conducive to flexibility, compared to those arguing for the unification of all areas 
for promoting flexibility.
Some recommendations can be made, for both school planners and architects, about the 
necessity of maximising similarity of areas, as much as possible and towards increasing 
uniformity of school buildings as a whole, and so optimize flexibility. Undertaking such a 
measure, careful attention has to be given in compromising the demand for flexibility and 
accommodating the diversity of teaching requirements, as assumed by new methods of teaching
Such compromise, however, has to consider both the general and the detailed level of 
similarity. It is highly unlikely that all teaching areas have to be similar in their size, 
but instead they may fall within certain range of areas.
Furthermore, higher area standards are to be recommended since larger areas, rather than 
optimal size, enhance the multi-use space attribute. This might suggest a comprehensive 
revision of design norms presently used in school buildings.
9.22. Uniformity of Structure and Flexibility:
A significant positive relationship has been identified between the extent of 
incorporation of uniformity of structure and flexibility, particularly when uniformity is 
measured with respect to the specific indicators.
Given the variations in the degree of incorporation of this variable in department 
layouts and their flexibility, a positive relationship was significantly supported, with 
respect to the fourth and the fifth indicators of uniformity, as illustrated in table (9-2).
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Indicator Indicator Indicator Indicator Indicator
one two three four five
(Stdev of 
the means)




Overall flexibility — .565b .795® .830®
(a): sig. at p<.01
(b): sig. at p<.05
Table (9-2): Correlation matrix between uniformity of structure and flexibility
As has been previously explained, the latter indicators appeared to be more consistent 
and sensitive in measuring uniformity of structure, as expressed by the extent of variation 
within each set of structural dimensions (i.e. x l, x2, y l, y2) of the design, supporting 
the prediction made earlier about the reliability and accuracy of these measures, compared 
to the general measures.
Similarly, from the analytical comparison of departments, a higher extent of uniformity 
of structure i.e. lowest score was identified in the traditional departments (H), (G), (A),
(F) and (B), compared to a lower extent in new departments (I), (J), (C) and (D), except for 
department (E), which was revealed to be the lowest in its ranking order, (pp. 171-172) 
On the other hand, it was evident that the highest extent of flexibility was consistently 
identified in the same traditional departments, compared to the new departments, as shown in 
figure (9-2). In both cases, slight skewness in the ranking order regarding uniformity was 
identified but still revealed a distinctive pattern in relation to flexibility, which could 
be considered meaningful in indicating the existence of the relationship.
Some conclusions can be drawn accordingly; that there is a genuine positive relationship 
between uniformity of structure and flexibility, but it is of less significance when 
uniformity of structure was measured according to the general indicators. It is the 
deviation between the extreme structural dimensions within each set of dimensions which 
might influence the extent of flexibility in use.
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Figure (9-2): The relationship between uniformity of structure and flexibility
In other words, the findings demonstrate the relevance between minimising the extent of 
variation of structural spans and flexibility of school buildings. Thus, it can be argued 
that maximizing the variety of the structural spans incorporated in the school design is 
highly likely to minimise the degree of change in both activities and organization housed in 
a building. This was shown to be the case in most of the new departments. Contrary to 
that, maximising the extent of repetition and standardisation of structural spans (i.e. 
higher uniformity of structure), is more conducive to change which is often the case in the 
traditional schools.
Accepting the previous claims which pointed to maximising the extent of repetition of 
structural pattern, as a key variable for advocating flexibility. Accepting Weeks’s 
hypothesis that by adopting a uniform, repetitive structural pattern, more desirable 
attributes for promoting flexibility might be created.
The findings overwhelmingly support the past claims about uniformity of structure as 
proposed by Weeks (p. 77), and its implication appeared to be, to a higher extent, valid in 
relation to flexibility.
These findings have to be considered within the holistic context of school designs and 
with respect to similarity of areas. However, they appeared to be corroborative and
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consistent with tho>se identified with respect to similarity and uniformity of areas. The 
interdependence between both variables has been found to maximise the extent of change and 
as the most crucial asfpect for advocating flexibility.
A further point (Of interest was the extra support for the ideas of the "multi-strategy 
building" and "three dimensional lattice" that have survived the test (p. 77), highlighting 
the influence of many of these attributes, such as uniformity and generalized quality of a 
building, as analogous to each other, on promoting flexibility. Moreover, the 
interdependence between these attributes and uniformity of a building, as a whole, has been 
greatly supported.
Some recommendations could be made accordingly, for school planners, architects and 
building construction firms, that maximising the number of variants in structural systems 
which are based on a multiplication of a small module (e.g. 600 mm or 900 mm), is not the 
best way of containing the diversity of teaching accommodation, nor in promoting 
flexibility.
Although a reasonable number of variants is imperatively needed to accommodate such a 
diversity, structural spans or modules could be provided within reasonable range of 7-9 m as 
medium spans, accepting Oddie’s claims, (p. 75) Such minimization of variants of 
structural spans and components has many advantages, in terms of the cost, which have to be 
compromised with other considerations of efficiency and quality of the final components and 
their assembly.
This should in no circumstances lead to minimizing the options provided by the building 
system and design alternatives that may be proposed, neither in affecting the number of 
variants for each type of component (i.e. internal partitions, external walls and windows 
components); hence, the system might permit a sensible degree of interchangeability of 
components.
Alternatively, this might necessitate compromising the demand for a variety of component 
sizes as related to school building expression, form and visual quality, with a reasonable 
degree of uniformity of the school building, as a whole.
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"Sometimes uglinessr is excused on the ground that it results from economic 
exigencies or the futnction the building has to serve. But the cultivation o f visual 
awareness and aesthetic sensibility is, as much an objective o f education, as the 
provision of knowledge and skills". (Oddie, 1975:34)
In searching for uniformity and technical solutions to utilitarian and flexible efficiency 
problems, there is a need for improving the visual quality of school buildings, both 
internally and externally. By considering the fitness with surroundings school buildings 
should be sympathetic to the genius loci. It is indeed the first aid to aesthetic education 
that the individuals attending might enjoy their buildings. It is particularly important in 
the case of industrialised building systems, since buildings constructed in them may be built 
in a number of different localities, each of which has a special architectural character of 
its own. To the extent that this is so, a system may need to include a number of 
alternatives in those components which affect external appearance.
Finally, the findings reject the idea of modular order and M.C. as a set of rules which 
may impose certain limitations on the design layouts, restricting the possibility of change 
in use, as compared, to the traditional building methods. The latter have been shown to 
provide more open-ended options, avoiding such mandatory rules. Nonetheless, M.C. is still 
valid for practical and technical reasons related to the issue of tolerance between 
components and the geometry of connections, which have to be given further consideration in 
future research.
93. Conclusions:
Following from the summarised findings of relationships, there is a necessity to explore 
to what extent it is possible to establish design criteria for optimizing flexible school 
designs, in relation to different ideas adopted in the past. However, the previous 
investigation was devoted to analysing a few selected variables related to the spatial, 
constructional and technical aspects of school designs on flexibility.
The investigation was highly laborious and hindered by many obstacles, such as lack of
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clarity, the overlap between design variables and the misinterpretation of these variables, 
and the multi-facete*d nature of flexibility. Two main points can be mentioned:
Firstly, the investigation has sought to understand those aspects of influence that may 
control this phenomenon attempting to clarify the misconception underlying it and to resolve 
the undesirable consequences of change in building use. Furthermore, it served to 
demonstrate that flexibility is a very complex phenomenon, and that the process of change in 
schools buildings is potentially contradictory to the means of achievement in many respects.
Secondly, there is no clear-cut scientific basis for extending the above proof to the 
status of a general principle; that both facets of flexibility, i.e. the change, is 
mutually contradictory to the means of achievement, i.e. the adaptation. In spite of such 
contradiction, some clarification could be made regarding the intrinsic differences between 
these two facets, in relation to all classes of flexibility which have been proposed earlier.
(p. 100)
The main distinction is that design for change as a pre-construction of flexibility does 
not, per se, involve any special physical change i.e constructional or technical modification 
and may postulate a less complex manner than providing for adaptation. On the other hand, 
the potential of school buildings for adaptation is, by definition, a post-construction form 
of flexibility and pre-planning for change which might involve complex technical 
considerations and stringent spatial organization requirements, as defined by the previous 
findings.
93.1. Flexible School Bufldlngs:
By and large, the study demonstrated that promoting flexibility may vary according to the 
extent of incorporation of certain design variables and according to the specific type of 
flexibility. The findings pin point the existence of two main principles; the first 
principle concerns maximising the potential of school buildings for adaptation in terms of 
building elements and components, particularly the independence/separation of building 
elements (Lynch, 1958; Weeks, 1969, Ehrenkrantz, 1970,1971), and variety of structures
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(Oddie, 1975, Russell. 1981,1984). The second basic principle concerns maximising the 
capacity for changje in school buildings over time, based on the notion of indeterminate 
design and non-sfpecificity of school layout, particularly, in terms of similarity and 
uniformity of both areas and structure and uniformity of school buildings, as a whole. 
(Lenssen, 1974; Cowan, 1963; Weeks, 1969; Llewelyn-Davies, et al, 1973; Maver, 1979). 
However, all these variables will be considered for the purpose of analysis and discussion, 
though the concentration in this study was concerned with measuring only a few variables.
In the indeterminate design notions, flexibility is inherent without adaptation. Ih £  
indeterminancy can be subdivided into a series of principles, such as the size of areas. 
uniformity of stmcture/spatial layout, uniformity of a building and the over-provision/ 
redundancy of teaching spaces, which can be discussed as follows:
Firstly, the size, for example, is a design variable to which the concept of 
indeterminancy can be applied. The principle associated with the size of area might be 
termed, "loose-fit". Thus, if the area of the space is designed to the minimal spatial 
range, as in the new schools (based on the criterion of area per workplace of activity), then 
change in the organization, types of activity, or use may be difficult. On the other hand, 
if a generous rather than minimal size is provided, as in the traditional schools, then 
change in both activity and organization of space might be considerably facilitated, (p. 
216-217)
The study has found size of areas to be positively related to flexibility, as a certain 
range of 42-69 m2 could be seen to fit most of the predictable teaching activities. This, 
supports the past claims about multi-use space (Cowan, 1963; Weeks, 1969), that there is a 
relationship between size and adaptive capacity.
This principle, however, contradicts the validity of adopting anthropometric data based on 
minimal functional requirements of activities, as a basis for establishing spatial standards.
Consequently, past methods of quantification of areas in the new schools, which were based 
on workplace and activity types, are no longer valid in terms of promoting flexibility, as 
opposed to those in the traditional schools. However, the latter implied greater area
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standards resulting in larger areas, which were found to be more responsive to the changing 
demands of activities over time.
Additionally, those ideas about the "close-fit" design approach which characterized the 
traditional schools, are no longer valid. Though these schools were designed to accommodate 
predetermined types of organization and design layouts, they do not survive the test fully. 
However, there is supportive evidence that differing generalized and specialized areas are 
not "closely-fitted", as had been previously assumed, but instead, they can be described as 
more "loosely-fitted” and are larger in their size to accommodate activity changes, (p. 
216) This is especially true when these areas are adequately equipped and fitted to 
accommodate these requirements.
In new schools, though many areas were designed and loosely-fitted to accommodate teaching 
and social activities, most of them were converted into medium-sized classrooms, or 
supplementary working areas for teaching staff. The tendency for conversion can largely be 
attributed to the malfunction of these areas, the visual and acoustical distraction resulting 
from such arrangements and the obstruction of the circulation areas, which are mostly 
amalgamated with teaching areas.
Within the context of teaching methods, one further interesting point could be envisaged. 
This concerns users’ manipulation and intervention of their own teaching spaces. Such 
intervention, however, was found to be highly affected by the users teaching background and 
experience, since most of them were qualified to perform in more enclosed classrooms, rather 
than open areas and many of them have, in fact, not been accustomed to working in such an 
uncontrolled environment. Thus, disputing the idea of open-plan teaching, on the basis of 
acceptability and responsiveness of such a design prototype, the possibility of alteration 
according to users demand and the quality of teaching environment. Such innovation in 
teaching and pedagogical methods should be made gradually and it should not be made by the 
rudimentary means of imposition.
In other words, the shift in the school designs has to match users' perception, past 
experiences and expectation, if a more efficient and flexible environment is to be created.
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The study demonstrates that flexibility is a more interactive process rather than a readymade 
solution to the problems of change, where human interaction with the teaching environment is 
the most influential aispect that may determine and control the phenomenon of flext>ility.
Secondly, and witthin the context of indeterminism, the study revealed that variables, such 
as the pattern of spatial relationships of the layout has a significant influence on 
flexibility. The findings demonstrated the linkages between uniformity of structure and 
uniformity of overall planning layouts, arguing for a greater extent of uniformity of 
structure, concomitant with uniformity of spatial pattern, thus enhancing flexibility in use.
The study also demonstrates that the adoption of changeable structural patterns based on a 
diversity of modular interval, is not the best for optimizing flexibility. In other words, 
higher degrees of variety of structural/spatial patterns militate against the progressive 
demands for change, but are more conducive for adaptation over use, and hence, is no longer 
tenable.
Thirdly, the study partially demonstrates that over-provision/redundancy of areas is 
significantly relevant to flexibility. Though, this variable has not been thoroughly 
examined in this study, there is substantial evidence that over-provision of teaching and 
service areas in the traditional schools has been utilized to accommodate the demand for new 
functions and usages, compared to the lesser extent in the new schools, (p. 220)
In reality, over-provision of areas can be ascribed to the amalgamation of the teaching 
accommodation of two or more schools into one integrated school and coincided with the 
decline in the rate of enrolment. Many redundant service areas, in traditional schools, were 
converted into usable teaching areas due to higher running and maintenance cost, compared to 
a lower redundancy of areas in new schools which were, to a certain extent, designed on exact 
predictions of use requirements. Meanwhile the shift in teaching methods and restructuring 
of curriculum have led to many areas being made less utilized.
A further point of interest was the shared use of teaching accommodation which resulted 
from the departments continuity with the school buildings and the overlap between adjjacent 
departments. Thus, the findings demonstrate the validity of previous claims that by adopting
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large school complexes, the possibility of continual change in organization and time-tabling 
would be enhanced (i.e. by sharing accommodation), despite the many shortcomings revealed 
previously, (p. 152) Challenging the new ideas of creating physically separated departments 
might minimize the possibilities of shared-accommodation and the temporal variations in 
activity requirements, as demanded.
Thus, the previous emphasis on creating blocks of separate teaching departments was not 
wholly justified on the basis of flexibility, despite the many advantages mentioned earlier, 
(p. 39, 41, 152) Also, the ease of reallocating department in the same building is
considerably enhanced in one continual building, rather than fragmented teaching blocks.
The most crucial point the findings revealed, is that traditional schools are far more 
flexible than has previously been thought, compared to the new schools and this is attributed 
to the higher extent of uniformity of both area and structure.
Some main conclusions could be drawn accordingly, that the notion of independence of 
building elements underlying many new schools, appeared not to be valid, and the commonly 
held assumptions about enhancing flexibility can no longer be accepted. The design ideas of 
these schools, however, included an implicit assumption about a higher degree of variety of 
structural spans and independence/separation of some building elements, as the key design 
variables for advocating flexibility in use. (pp. 48-49, 159) These ideas, however, were 
not foreseen at the outset of this study as it was generally postulated, perhaps due the 
small sample of the school buildings examined and therefore further research is needed.
Consequently, such ideas about pre-planning for adaptation in school building systems, by 
relocations, addition and rearrangement of building elements, to accommodate unforeseeable 
change, are highly dubious, (p. 205) Despite the higher tendency for adaptation in internal 
partitions and services elements in the new schools, such requirements of readiness for 
adaptation have to be measured against the yardstick of economy, utility and efficiency. It 
is highly unjustified that higher initial costs should be invested on the assumption that 
adaptability may be promoted at some unpredictable time in the future. This study found that 
such an initial cost for maximising adaptability in buildings is, in fact, inadequate,
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wasteful and too oftern the opposite of real flexibility which is meant to be achieved.
"technobgical micans fo r facilitating eventual adaptation are insufficient unless finance 
is made available fo r the adaptation when the need fo r it  arise. Technological and 
financial policies need to be combined in a strategy o f "pay-as-you-go" rather than 
"pay-in-advance". (OECD, 1977: 10)
The study demonstrates that implementation of industrialized building systems based on a 
modular order is not the best way of promoting flexibility and that the emphasis on modular 
coordination might create exactly reverse consequences on the performance of flexibility. It 
is the degree of repetition and uniformity of structural pattern, rather than the adoption of 
a modular dimension which, in fact, increases the capacity of school buildings for change, 
over use.
By adopting M.C., variety was indeed maximised, rather than real uniformity, revealing the 
common misconception which prevailed in most of the previous studies. On the contrary, the 
traditional school buildings have been revealed to be much more uniform and modular in a 
sense of greater repetition, though not necessarily adopting any modular dimensions, or 
following distinctive modular order.
The study evoked some questions about, why flexibility and fo r whom it might be promoted? 
Addressing these questions, it is evident that human adjustability to the environment is much 
easier to achieve than adapting the physical boundaries of space, or the elements within the 
space, to accommodate user requirements as shown in the new schools.
"Change and development in themselves are seldom interesting and should never be regarded 
as ends in themselves, just as flexib ility  should never be seen as an end in itself. One 
always has to ask: what is behind change, what purpose does it  serve? And only i f  the 
purpose is valid, i f  directly or indirectly it serves our basic values, it is accepted and 
promoted" (Rodhe, 1974:38).
Though the above conclusions can be acknowledged as tentative, since they are based on a 
small school sample, their importance can be seen as an extension of findings drawn from 
other studies of flexibility. Some other tangible conclusions will be drawn in the next
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chapter to improve oi^r prediction about optimizing flexibility of buildings in use.
In short, the design for flexibility underlies two main types of change; the design for 
change and the prediction of adaptation. The latter appears inherently more complex than the 
former and the resuiltant of both, at least in school buildings, is in fact, paradoxical. Two 
main crucial principles emerged from the empirical study relevant to promoting flextxlity 
which could be expressed by the duality of indeterminancy of the design and the 
independence/separation of buildings elements. Indeterminate design appeared to be 
influential where flexibility is inherent without adaptation, whereas separation is a general 
principle of flexibility in which different school buildings elements and subsystems possess 
a dynamic or potentially dynamic relationship with one another. This dichotomy, however, is 
analogous to the "planning for flexibility" versus "techniques for flexibility", distinction 
which has traditionally existed among proponents of flexible design.
932 . School Design. Construction and Technical Aspects- Conclusions:
It is evident that the interdependence between the design variables contributes to the 
specific and different types of flexibility. Careful spatial planning of school design was 
found to be a very significant ingredient in promoting change and minimising the demand for 
adaptation, particularly, adopting a rectangular shallow plan and maximizing the degree of 
uniformity of the design layout.
Moreover, technical elements and services infrastructure appear to be of paramount 
importance as the main device for accommodating change, with less adaptation, such as 
providing sufficient utility services outlets, sockets, water supply and so on. Meanwhile, 
minimizing the level of sophistication of building methods and technical utility services is 
very much required. The study suggests adopting simple, easily modified partitions, cabinet 
units and equipment which need to be as mobile as possible to permit easy rearrangement 
within different areas.
This appears not only true of items of furniture/equipment which are conventionally 
expected to be fixed in permanent positions, but also in connection with building elements.
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They are all interactive and the responsibility for providing them, should not therefore be 
divided.
The design for clhange in teaching accommodation appeared to correspond in parallel with 
the notion of zoning, rather than articulation of teaching areas. The study suggests that 
teaching areas with different services requirements have to be carefully separated in certain 
zones to avoid any disruption from other generalized areas. Many advantages in terms of 
economy and ease of maintenance of services requirements, were identified. On the other 
hand, general teaching classrooms were found to be more suited to a wider range of change in 
activity, facilitated by the generous size of the area.
Therefore, this study supports the main assumptions underlying the traditional school 
design approach, where a balance between different accommodation almost exists, and where 
segregation of teaching areas was found to be more efficient. This might cast much doubt 
about the validity of the notion of articulation of teaching areas in open-plan pattern, as 
adopted in many schools and the problems already identified, rejecting Poole’s claims (Poole, 
1988).
Furthermore, articulation of areas was revealed not to be fully coherent with the teaching 
and learning patterns presently deployed in these schools and far less responsive, though 
many benefits regarding the reduction of constructional and circulation areas were thought to 
be achieved. The study drew some doubts about the acceptability of such design prototypes by 
users, arguing against any further applicability in school buildings.
Though some design constraints revealed in the traditional schools, for instance, lack of 
small areas, the study demonstrated that such new patterns of learning i.e. individualised 
learning, seminar groups and so on, in connection with the innovation in technical 
teaching-aids, have been easily accommodated in many redundant and converted spaces and 
through reorganization of corridors.
Also, by adopting very simple means of furnishing and finishing, cubicles were created 
with easy partitions and work in groupings of various sizes was made possible. In 
specialized areas like CDT/Science and for larger group instruction, a simple
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television/remote-vidieo installation has resolved many problems and deficiencies. When, 
after the introduction! of these teaching-aids, pupils were to work in groups, workplaces were 
created in classrooms, laboratories and in teachers' rooms.
The development of teaching practices already explained, suggest that greater reliance is 
to be placed on human flexibility to accommodate future change and far less ingenious 
technical modification to the built enclosure. Essential to these developments are the 
advances made recently in the design of furniture and equipment which allow otherwise simple 
and unspecialized spaces to be adapted, at will, to more specialized use and for many 
different activities and groups of relationships.
This study supports the belief that more imaginative and exciting examples of how old 
traditional schools can be adapted to new demands, and how with small means, even 
conventional and very unpromising, school buildings can be flexible. These also prove to be 
more adaptable for new purposes than school buildings from the 70s or 80s, which were 
planned much more carefully, much more economically and turn out to be less flexible. In 
particular, these schools were increasingly constrained by the imperatives of "Value for 
Money", where buildings were evaluated solely according to whether they provide as much space 
for money as possible. This is especially true of buildings where classrooms are placed in a 
double-loaded corridors and even worse, along single sided-corridors.
Additionally, this study disputes the design ideas concerning the free flow of activity 
from one kind of space to another. The study argues that much improvement in the visual 
connections and physical articulation between spaces could be created by more simple means, 
rather than movable/relocatable partitions and open-plan. Such provision, however, has to be 
capable of providing many alternative teaching requirements including the variations in the 
level and content of education, as well as in the numbers accommodated. Where school 
buildings can be planned in this way, there is a greater likelihood that future change can 
occur without recourse to the inconvenience and expense of adaptation.
Without adding to initial costs, the building technology of the structural frame with 
nonload-bearing partitions may increase the potential for adaptability, since service
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installations could bee added more easily when required in the future. However, this should 
not be foreseen as a substitute for masonry walls since these could provide a moderately 
sufficient and adequiate size of areas, as well as, they provide more efficient environmental 
control, particularly in the thermal and acoustical performance.
This study suggests that a more efficient school construction could be achieved through 
reconciliation of masonry, concrete and timber frame, emphasizing creating uniform medium 
span structures, rather than long spans, to match the requirements of school organization. 
Also, they offer the possibility of a wider range of layouts in order to match the diversity 
of accommodation.
Last but not the least, it might suggest that the ease with which future changes can be 
accommodated depend much less on building technology, than on how far the original building 
can be planned and managed to provide for flexibility. Uncovering the hidden flexibility of 
traditional schools, as much of education for a long time to come will have to take place in 
buildings without the conscious purpose of being flexible.
Close co-operation between users and architects should be encouraged in searching for how 
flexibility could be enhanced, as they have learnt it the hard way. I would venture to say 
that only teachers who have acquired this experience of the need for flexibility are really 
competent to work it out.
Most of the conclusions in the preceding sections underlay one overriding theme; while 
attention to adaptability is necessary, it is not a substitute for decisions about the form 
the building and its equipment should take in the present. In making these decisions, the 





This chapter willl be devoted to the general conclusions that can be drawn from this study.
It summarizes the background studies of flexibility, leading to the identification of the 
research problem aind the main objectives necessary for resolving this problem.
It also examines the validity of the research, as a whole, in terms of the form or 
construction and relationship between the early premises about the problem and the evidence 
and conclusions which emerged. This might verify whether the research objectives actually 
provide adequate answers to resolve the research problem. Additionally, it highlights the 
measures which have been undertaken to fulfil these objectives and the research method which 
has been adopted to verify the research hypotheses.
Finally, what conclusions can be drawn to improve our prediction to resolve these 
complexities on both a theoretical and a practical level, what areas of further research 
could be suggested and finally the applicability of the research.
10.L Background. Research Problem. Objectives and Hypotheses;
This study investigated many problems related to the provision of change and flexibility 
of buildings, concentrating on examining the relationship between design variables and 
flexibility of school buildings in use. The problem of change concomitant with promoting 
flexibility was revealed to be highly complex due to the unpredictability of change and the 
difficulty of measuring change. Many deficiencies have been identified in the previous 
studies of flexibility concerning lack of indicators for measuring flexibility, reliability 
and insufficiency of data for indicating flexibility, (p. 3)
Although many interwoven design, organizational, managerial and teaching aspects were 
identified to influence the accommodation for change, this study was devoted only to examine 
the relevance of school designs to flexibility and sought to clarify to what extent the 
incorporation of some design variables might contribute in promoting flexibility.
-254-
The increasing awareness of accommodating change in buildings, has actually resulted in a 
wider diversity of deesign approaches which varied in the their level of sophistication, the 
quality and the possibilities that the eventual building should possess in order to satisfy 
the organization requirements for change over use.
Though a diversity of design approaches were adopted in school buildings, only a few 
design characteristics and variables were identified in the past studies to be relevant to 
flexibility. A main hypothesis has been formulated from these studies that the incorporation 
of such variables might considerably influence the extent of flexibility in use.
To test the above hypothesis, two interrelated problems were identified accordingly; 
firstly, that there were no operational definitions of these variables, nor did there exist 
any operational measures by which alternative school design proposals could be compared in 
term of their potential flexibility. Secondly, that there is no real empirical verification 
of the hypotheses that suggested their relevance to flexibility in use, particularly, as some 
of these variables have contradictory implications on the design of school buildings.
In the light of the above problems, the prime objective of this study was established to 
investigate the relationship between the incorporation of some design variables and 
flexibility of school buildings. Three methodological objectives were proposed accordingly, 
to achieve this objective:
i) To propose a system of measurement bv which the extent of incorporation of specific
desion variables in different school designs can be assessed and compared.
ii) To propose operational measures of the extent of flexibility of school buildings in use,
which enabled different school buildings to be assessed in terms of their flexibility.
iii) To apply these measures to selected secondary school buildings in order to
empirically test the hypotheses that suooest their relevance to flexibility in 
use.
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10.2. The Research Objective:
This study has too a great extent achieved the three objectives mentioned above. The first 
objective was deatJt with in Chapter 111, the second objective in Chapter IV. while the prime 
and the third objective was dealt with in Chapters V to IX.
With respect to tthe first objective, operational definitions and measures were proposed for 
only one new variable; the uniformity of structure, (pp. 87-90) Meanwhile, measures of 
similarity of areas were adopted from the previous studies and were stated in chapter III. 
(pp. 83-87) Some amendments have been made to these measures in the early pilot study. Other 
descriptive design variables and characteristics were defined and categorized, such as plan 
form, independence of building elements and zoning of specialized areas. Due to the 
limitations of resources, this research was bound to lack data for measuring them. All the 
measurable and the descriptive variables were investigated in detail in chapter VI, with 
respect to their extent of incorporation in selected teaching departments.
Regarding the second objective, a comprehensive method for measuring flexibility of school 
buildings has been proposed in chapter IV, which included several objective and subjective 
indicators. Two sets of objective indicators were proposed and adopted in the empirical study, 
which proceeded sequentially from general to specific. The former indicators have dealt with 
measuring the extent of change in school capacity, and the amount of change and adaptation 
achieved it i.e. adaptation, (p. 130) The latter indicators have enabled a detailed
assessment of flexibility of selected teaching departments to be made in terms of five specific 
indicators, (p. 130)
Alternative indicators for measuring adaptation were proposed which encompassed some of the 
past indicators. A testable hypothetical model for measuring cost of adaptation was developed 
and relative cost scores were assigned for each indicator of adaptation in chapter IV. (p.
113-116) Only five subjective indicators were proposed which were based on users perceptual and 
verbal responses, (p. 131) Some links have been found between objective and subjective 
indicators which enhanced the method of measurement and provided a further test to the internal 
coherency and reliability of the measures.
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Regarding the tfhird objective, this study revealed that there is greater complexity in 
tackling the phenomenon of flexibility, stimulating further discussion on the aspects which 
might contribute in promoting flexibility. The relevance of these aspects to flexibility gave 
rise to the formulation) of the research hypotheses.
However, these hypotheses were formulated from a detailed search of the literature and 
practical observations to locate several problems and from the intrinsic recognition of the 
gaps in the theoretical body of knowledge in this field. Three hypotheses were formulated; 
the main, the rival and the null-hypothesis.
Following the survey design, the above hypotheses were tested by assessing the relationship 
with respect to two main design variables; the similarity of areas and uniformity of 
structure. The survey design investigated ten teaching departments Chapter V and these were 
compared in terms of their incorporation of the above design variables and their flexibility in 
use in Chapters VI and VIII respectively. The general assessment of the relationship was 
discussed in Chapter IX. which revealed, different degrees of support of the research 
hypotheses, depending on the characteristics underlying each of the design variables examined.
Similarity of area was found to be significantly and positively related to flexibility of 
the school building, in relation to four general and specific indicators identified, (pp. 
235-237) For uniformity of structure, a significant positive relationship with flexibility was 
identified only with respect to the specific indicators of this variable which provided 
substantial evidence about their accuracy and reliability, (pp. 239-241)
10.3. Conclusions:
The previous chapter of this study described how theoretical assumptions could be 
empirically tested in terms of its usefulness, as a description and explanation of the 
flexibility. Some conclusions could be drawn from this study as follows:
10.3.1. The Design Variables:
The study has established some sort of criteria for categorizing and describing flexible
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school designs. It managed to isolate a few design variables relevant to flexibility and to 
develop their operational definitions and measures. It demonstrates the validity of the main 
research hypotheses that the extent of incorporation of certain design variables is more 
conducive to flexibility, in relation to both ways of accommodation of change.
The study, however, demonstrates that these generally stated variables in the literature 
could actually be quantified and measured in such a way that an objective assessment and 
sensitive comparison can be made between different school designs, i.e. both in the new and 
traditional schools. The sensitivity lies mostly in the level of detail of measurement which 
can be increased depending on the extent of incorporation of each variable in the design 
layout.
Practically, these measures are important for architects during the early design stage, 
since they might provide a higher degree of reliability in indicating the differences between 
alternative school designs, rather than relying on a subjective assessment based on intuition 
and personal observation and judgments.
In other words, these measures are very beneficial in creating a framework for both 
architects and researchers, during the earty design process, to ensure that their conjectures 
about the potential for flexibility might be enhanced during the completion and post-occupancy 
stage. Thus, scores of the proposed layouts, with respect to these variables, might suggest 
further recyclic modifications about the probability of flexibility in the resultant school 
buildings. Nonetheless, these measures should not be taken for granted, since the 
incorporation of some specific variables are not the sole aspect influencing flexibility 
and greater attention should be given to other interwoven variables which were put forward.
In assisting architects in taking maximum advantage of this framework, a further possibility 
for testing the relationship between other design variables and flexibility could be 
facilitated with a higher degree of accuracy, and also to provide further verification of the 
research hypothesis.
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103.2. Flexibility nf School Buildings;
Flexibility in architectural design is a complex and multi-faceted phenomenon. This, 
however, implies adopting a holistic assessment approach, commensurate with such complexity and 
tackling the wide range of facets aimed at measuring some of them. On the other hand, 
flexibility is potentially a desirable attribute which indicates the performance of any 
building in use, again suggesting some sort of objective measurement to indicate such 
performance.
The system of measurement of flexibility has demonstrated that the design determinants of 
flexibility in school buildings are likewise diverse and, in some cases, mutually 
contradictory. This could be attributed to the type and level of performance expected to be 
achieved by these buildings, in relation to the means of accommodating change. These were 
found to belong to one of two types; the accommodation of change versus the provision of 
options or means for change, i.e. adaptation.
However, flexibility was found to have both materialistic and sensory/ phenomenal meaning 
represented by the duality of the built-environment and human aspects. The tatter might 
contribute interactively, by continual manipulation and intervention to modify the environment, 
or to to be more adaptable to the constraints of the environment.
The difficulty of investigation could also be conceived throughout the multiplicity of 
intervening aspects, such as the educational objectives, the socio-pedagogical structure and 
the teaching organizations housed in these buildings, which may affect the performance of 
flexibility. Other managerial, resources and economic aspects could also inftjence such 
performance, but these too can not be measured, and hence, could only be assessed in very 
general terms.
As schools could be described by the interaction between the physical environment and 
socio-pedagogical and organizational structures, it was shown that the latter are highly 
changeable and unobtrusive, compared to those phenomena in natural science. This implies that 
such changeable patterns should not be looked upon in such a parametrical and partial point of 
view, but instead they should be included and assessed as an integral part in any further
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assessment of flexibility of buildings.
Accordingly, sucfb quantitative methods for measuring flexibility could be suspect on the 
basis of validity and reliability. Alternatively, the adoption of a particular set of 
assumptions about the most appropriate way to investigate flexibility, similar to those 
quantitative methods adopted in natural science, i.e. the hypothetico-deductive method, may 
not to be the best for many reasons. Arguing the "positivism approach" which postulates that 
"there was a body of knowledge that existed independently whether people knew it or not, and 
that the task of the investigator is to uncover that knowledge piece by piece, building up a 
more complete understanding of the th e o ry (Macneill, 1986)
This, however, may enable us to conclude that such methods may yield many problems unless 
further consideration is to be given to the role of human aspects. The reason is that the 
ultimate objective of flexibility is to fulfil users changing demands which are inseparable 
from other objectives, such as enhancing the pattern of social interaction and communication 
towards a desirable level and to enhance the process of teaching and learning, as a whole. 
Last but not the least, it should be emphasized that learning can only develop in relation to 
social and human organizations, which needs further investigation.
In conclusion, if a better understanding has to be provided from such measurement 
approaches, then changes in individuals and group behaviour within school organizations have to 
be examined and considered.
As a rule of thumb, measurements of flexibility of school buildings have to compromise 
different aspects of influence, which might suggest a continual detailed observation and 
measurements of users’ behaviours, their attitudes and satisfaction with their environment. 
Hence, developing a subjective body of knowledge, which could be fruitfully manipulated in 
relation to the objective knowledge, in order to understand the complexity of this notion.
A longer period of examination is inevitably required, concomitant with a larger number of 
school samples, in order obtain more comprehensive data. Nonetheless, the findings of the 
present study may enable an empirical generalisation to be made about the way in which future 
flexible school designs should be proposed.
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Finally, a further [point of caution has to be mentioned; developing the objective knowledge 
about the role of design in enhancing flexibility performance has to be tied in with the 
recognition of new evidence that might appear.
Kuhn (1970) argued that such advancement does not exist independently and objectively, but 
is constructed and created by scientists within a framework of assumptions and the evidence 
that may appear over time. We may postulate that by suggesting many aspects without being able 
to test their relevance to flexibility, may not, in fact contribute in developing this 
knowledge, highlighting the necessity of limiting the number of aspects which need to be 
investigated in future research of flexibility.
10J3J3. Flexibility and Design of School Buildings:
This study has sought to answer the conflicting issues concerning the optimization of 
flexibility and the insufficient knowledge about the relationship between the design of school 
buildings and their flexibility in use.
The study has, to a certain extent, managed to develop systems of measurement and to adopt 
them in the survey, providing some knowledge about this relationship, explaining the relevance 
between specific design variables and flexibility. Theoretically, the study has objectively 
demonstrated the validity of the past claims that flexibility of school buildings is relevant, 
to a great extent, to their proposed design.
Reynolds (1977:139) argued that " The concept of scientific theory as a set o f ideas is 
useful fo r the purpose of science; providing typologies and description, explanations and 
prediction, potential for control and sense of understanding"
These four objectives, however, are arranged in ascending order of their usual difficulty of 
attainment, but in some situations it is more difficult to achieve control than to achieve 
understanding. Given these objectives two main questions might be evoked; i) to what extent 
have the proposed systems of measurement and the research findings achieved these objectives, 
and ii) to what extent has this study provided an adequate answer to understand the complexity 
of the phenomenon of flexibility as related to schools design, which remains to be discussed.
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The findings o»f tthis study have achieved some of the above objectives of scientific theory. 
The findings revealled that description comes first, then explanation of past events (i.e. the 
relationship between design variables and flexibility) suggesting, at least, some degree of 
understanding of the complexity of aspects influencing flexibility, but with little possibility 
of control. Both understanding and explanation, might greatly facilitate even the most 
fundamental objectives of prediction (i.e. about those probable design decisions during the 
early design stage to enhance flexibility of school buildings in use).
in other words, the study demonstrated that there is a large potential for manipulating 
school layouts to provide for flexibility, though on lines that are different from what was 
suggested before. This may lead to more exploratory research into other variables of the 
layout. This is important in practice because it points to the importance of tackling 
uncertainty through some design decisions, rather than adopting a historical approach in 
predicting the development of organizations and designing for this development. That is to say 
that the problem of obsolescence due to unpredictable change could be encompassed someway.
This might also be very beneficial in predicting the performance of school buildings in use, 
and hence, determining the Omits of flexibility, or the degree of planning versus techniques 
of change, which could be manipulated during the initial design stage to enhance the potential 
of accommodating change during use.
Nevertheless, and from the evidence presented, it was found that since users requirements in 
school buildings are inevitably in the mainstream of change, then to attempt to accurately 
predict users requirement in the future is, in most instances, improbable and even impossible 
unless a shift and reconsideration of the present briefing and design methods is to be made. 
The necessity for improving such prediction implies changing the emphasis from identifying and 
designing for specific user requirements to creating a homeostasis built-environment, more 
self-regulating, that can interact with the changing demands and requirements of individuals.
"Homeostasis describes the shifting balance between an organism and its environment, is a 
condition which we should seek to achieve in our building. For the individual organism is one 
system among many, and homeostasis can vitally affect the social organizations in which
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buildings play such a  liflrge and influential ro le” (Cowan, 1963:82)
Addressing this ttask requires an examination of the ways in which users requirements may 
change, particularly;, emphasizing those aspects that contribute in maintaining an appropriate 
state of fit betweem the resources demanded by the organization and the building. Two basic 
lessons can be drawn from the study, as far as flexibility is concerned:
First of all the study has provided further empirical evidence to explain the relationship 
between some school design variables and their flexibility in use, verifying the conflicting 
claims revealed in the previous studies. By induction, such verification, however, could not 
be only foreseen as important to school buildings, but it is also of paramount importance to 
understand flexibility of other building types, particularly those which are characterised by 
similar degree of complexity and diversity of function to those found in school buildings. 
Also, that the problem of unpredictability of change in school buildings could be dealt with 
more effectively during pre-construction and the design stage, depending on the accumulated 
knowledge that may emerge from such evaluative studies.
Secondly, this study has postulated several main principles underlying the separation and 
indeterminate design notion for promoting flexibility in school buildings.
Among the many variables related to the ease of adaptation, independence of building 
elements and zoning of specialized teaching areas were found to be more conducive to 
adaptation. Among the number of design variables which are significant for change, it appears 
that the spatial characteristics of departments, size and area of space, similarity of areas 
and uniformity of structure are all of primary importance.
Regardless of the presence of easily adaptable, relocatable partitioning systems, it is the 
proper design of the school itself which conditions the degree of flexibility. Appropriate 
planning of fixed elements is probably less expensive than extensive reliance upon technical 
solutions, as revealed in I.S3.S., which must be questioned by cost-benefit analysis.
In the same context, the empirical study revealed that availability of services re-routing 
and minimization of physical obstruction might greatly contribute in promoting the flexible use 
of schools. Advocating such variables, however, does not necessarily imply concentration of
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structure, i.e. creating long-spans or universal structure, neither does it imply a 
sophisticated servicses-distribution, but instead, indeterminate school design can be 
effectively achieved bsy a proper spatial concept.
The study has attempted to provide some guidelines for decision-makers in determining what 
constitutes flexible school design, by establishing the types of physical separation and fixity 
which is commensurate with higher degrees of flexibility. This would result in further 
advantages to the users of school buildings, as well as, to those who design and build them.
For planners and practising architects, it will be of great importance to consider the 
multiplicity of aspects which may influence flexibility. A generalised and open-ended 
structure, is needed to accommodate a diversity of uses and frequent change through the 
exercise of separation and indeterminate design.
The enhancement of flexibility was found to be affected by the adopted briefing and design 
process and methods. As the traditional model of "analysis-synthesis-evaluation" together with 
systems analysis has been adopted in past designs, such linearity, however, was found to suffer 
from very serious deficiencies, since it represents a static view of a dynamic process, and 
hence, fails to address adequately the continual demand for change and the issue of 
unpredictability of change.
For researchers, the study has, to a certain extent, provided an insight that may help 
explain the complexity of flexibility, leaping beyond the known empirical evidence, already 
collected in formulating new hypotheses, which will be of greater vitality in developing the 
theory of flexibility. It demonstrated that the complexity of the phenomenon, could only be 
tackled when a valid theoretical framework for measurement is, clearly, established and when 
the explanatory variables are identified and isolated from the intervening variables. Also, it 
showed that the manipulation of flexibility of school buildings could be more effective at the 
initial design stage.
As new hunches and hypotheses might be recognized and formulated, research effort should be 
devoted and limited to those testable hypotheses, rather than formulating general ones which 
are not practically manageable. Hence, to enable their relationship to flexibility to be
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empirically tested arnd a further contribution in developing a body of knowledge could be 
achieved.
A further point of initerest could be envisaged. That more than one method of measurement is 
needed, and that the emphasis on new areas of investigation most likely necessitates developing 
some subjective methods compared to those already adopted in this study, highlighting the 
demand for the "triangulation" of methods. In doing so, the validity of the data collected, 
might, in no circumstance, be achieved at the price of its reliability or representativeness.
Finally, this study maintains that, contrary to the natural phenomenon, flexibility is more 
interactive and interpretive process and it is highly dependent on how people involved 
perceive, affect and are affected by their own environment and to what extent they could 
contribute in reshaping such environment. A shift in the emphasis toward these aspects is 
greatly needed in future research.
10.4. Areas of Further Research:
This study suggests the need for further research in a number of areas:
i) Major emphasis should be given to assess both the social and psychological function of 
the school, that is educational (i.e. transmission of knowledge and skill through 
socialization). Tackling these issues concerns those aspects of the action and processes 
through which this function is fulfilled. This implies extending such enquiry into measures, 
and hence further test of the relationship between these aspects and flexibility is needed.
ii) Further attention should be given to assess other design variables, which have not been 
tested, particularly those associated with zoning of specialised areas and independence of 
building elements. Such examination would aim at narrowing and establishing an operational 
definition of these variables, defining the implications of each in relation to others.
Similarly, major emphasis should be given to examine the influences of communication 
patterns between school departments and their continuity and integration with the school, on 
flexibility. Bearing in mind the large stock of schools which have been built during the last 
three decades, major emphasis should be given to the issues of renovation and renewal in order
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to optimize their operational efficiency in use.
iii) Some empha*sis should be given to examine planning flexibility, in terms of their 
implication on the ptiiysical facilities of the school for wider use of communal and educational 
services, utilizing the existing facilities of school buildings and providing the missing link 
to promote greater integration with the existing settlements. On utilizing the existing 
facilities, greater attention should be given to those issues of decline in the enrolment 
additional to the stringent limits of budgets, and the necessity to cope with the shells and 
concepts of previous generations of designers.
10.4. The Outcomes and Applicability of the Research:
Many benefits could be realized in this study, as it is intended to be useful to planners, 
educationist, practising architects and researchers in the field.
For planners and practising architects, the study provides a powerful comprehensive 
framework, by which, some design variables could be measured and assessed objectively, in terms 
of their extent of incorporation in design, in relation to flexibility. Such a framework could 
be of further applicability to some building types, other than schools. This may imply further 
desirable outcomes as follows:
i) Enabling more objective predictions about flexibility performance from the empirical 
evidence and the knowledge available at the early design stage. However, despite the fact that 
change is in itself unpredictable, the value of prediction Is to create a scope for dealing 
with the problem of change in the use of any building, in general.
fi) Maximizing the level of control on the design by further reducing the undesirable 
consequences of change (i.e. the problems of obsolescence) which will be of a paramount 
importance in improving the operational efficiency of the buildings use.
ui) The investigation of the relationship between design and flexibility shows that 
industrialised building systems are not the best in providing flexibility and suggests more 
innovative methods of construction which reconcile the advantages of both industrialized and 
traditional techniques. Thus, encouraging building firms and contractors to find more specific
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ways for promotiing flexibility towards optimising these systems in terms of efficiency and 
cost.
For architects, the study uncovered the misconception about how to design flexible 
buildings, and hetnce, they should never adhere to those design ideas which were shown to 
be
opposed to flexibility. This, however, is likely to limit the design considerations that 
architects have to encounter related to flexibility, concentrating on more demanding issues 
about the human and physical environment interface.
For researchers in the field, this study demonstrates that the relationship between design 
of school buildings and their flexibility could be manipulated more effectively, during the 
early design stage. Drawing their attention to the major role of design for enhancing 
flexibility in use, which could be dealt within a valid framework of measurement and 
empirically, rather than relying on intuition and subjective judgement.
Supporting the growing belief about the necessity of adopting research in design, arguing 
that architects can no longer rely entirely upon intuition, personal experience and precedent. 
Acknowledging that practice must be based on empirical knowledge carefully acquired through 
research, as well as, personal experience, which can improve both the design process and the 
final architectural product.
The study recommends the necessity of proposing new areas of research by the incorporation 
of users in addition to clients in the design process. Highlighting the necessity of such 
assessment studies in other building types, rather than schools, particularly in complex types 




Subjects Percentage of the amount 




General Studies (A) (B) (C) (D)
1. English language.
2. Modem languages.
3. Social studies 
and Humanities.
4. Mathematics.
30% 26% 33% 27% General Teaching 
Accommodation
5. Science. 22% 11% 13% 14% Light-practical
6. Crafts,Art and Home 
Economics workshops
30% 26% 33% 27% Heavy-practical
accommodation
7. Physical Education/ 
Music and Drama.
21% 28% 19% 23% Large spaces
8. Libraries. 3% 3% 4% 3%
Boating or 
balanced spaces9. Uncommitted spaces 14% 8% 12% 15%
Total percentage 100% 100% 100% 100%
Total capacity 1400 1300 1340 1400
Approximate teachin 
area in sq. m
5839 5192 5824 5574
Average teaching 
area per pupil 
(sq. m per pupil)
4.17 4.00 4.34 4.00
The above examples are taken randomly and are not intended either as samples or what 
ought to be offered, or as a relative importance of each aspect The above table 
will merely emphasise on the need when embarking on a school building project to see 
each respect of the work in its relationship to the whole. Meanwhile the time cycle 
could be a week, a fortnight or a month.
DES, "New Problems in School DesignrComprehensive Schools from existing Buildings*, 
Building Bulletin No. 40, p. 18.
Table 1: Comparison of teaching areas in four comprehensive schools converted 
from existing schools
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Proposed types of 
activities
Area Required per 
pupil (m2 per place)
Type of Teaching 
Accommodation




2. Light-practical (3.25) Light-practical
3. Heavy-practical (4.60) Heavy- practical
4. Movement or large project (8.30) Large-spaces
(*) DES, (1973), "Maiden Erlegh Secondary School", HMSO, London, Building 
bulletin No. 48, p.59.
Table 2: Area allocation per workplace according to types of activities
performed (new comprehensive schools).




a. Informal lecture and 
discussion without fixed 
seats.




b. Classroom type work 
where a writing surface 
is provided for each pupil




c. Investigation type space 
for project areas,geography 
mathematics, etc.
Equiv.to 30 
pupil in 69 m2
(2.30)
d. Art and light craft spaces 
including needle work, 
science and music studies
Equiv.to 90 m2 
for 30 pupils
(3-00)
e. Workshops craft and home 
economics, drama, workshops
(4.60)
f. Physical Education (8.30)
DES, (1968), "New Problems in School Design: Comprehensive Schools from 
existing Buildings", Building Bulletin No. 40, p. 19.
Table 3: Area allocation per pupil according to different types of work and 
subjects (traditional comprehensive schools).
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% of Areas of Different Teaching Accommodation
* E F A B C D
General-teaching
Accommodation
36.26% 36.26% 31.11% 30°/ . 26°/ 33% 7% 45%
Light-practical
Accommodation
27.78% 25.33% 25.51% 22°/ . 11°/ .13% 4% 30%
Heavy-practical
Accommodation
20.18% 12.07% 20.70% 30°/ ■ 26°/ 33% 7% 10%
Large-spaces
Accommodation
15.48% 23.25% 13.78% 21°/ , 28°/ .19% 3% 15%
Library 6.91%
Uncommitted spaces 
(balance or float) 1.11%
Added to general 
purpose teaching
Capacity of the 
school 1200 750 1440 1400 1300 1340 1400
Teaching area per 
pupi!(sq m/ pupil)
3.125 3.96 4.17 3.99 4.34 3.95 3.9
(* ) Lancashire Education Authority proposal for comprehensive schools.
(E) Henry Fanshawe Comprehensive School,(extension by adding new educational 
departments), (1969) .
(F) Maiden Erlegh Secondary School, (1973)
(A -D) Dept, of Education and science, (1968)
(* * ) Dept of Education and Science &  Welsh Office (1980)
Table 4: Comparison of different mix of teaching accommodation in both
converted and new comprehensive schools in terms of the percentage 
of areas
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% Types of Teaching Accommodation per workplace
* E F •*
General-teaching
Activities
53.89% 52.98% 45.26% 40%
Light-practical
Activities
24.88% 27.07% 24.75% 25%
Heavy-practical
Activities
13.00% 11.97% 13.16% 7%
P.E. and drama 
Activities
5.20% 7.98% 4.96% 12%




1.11% Added to general 
purpose teaching
16%
Capacity of the 
school 1200 750 1440
(i) If the school have 84% of the workplaces distributed between four types of
accommodation as specified, it will not in general matter how the remaining 
18% are distributed between general, light, heavy and practical accommodation.
It was thought that the balance area may be used in large part as a resources 
area or for private study and may be regarded as a float area.
O Lancashire Education Authority proposal for comprehensive schools.
(E) Henry Fanshawe Comprehensive School, (extension by adding new 
educational departments), (1969)
(F) Maiden Erlegh Secondary School, (1973)
(A-D) Dept of Education and science, (1968)
(**) Dept of Education and Science & Welsh Office (1980).
Table 5: Comparison of different mix of teaching accommodation in
comprehensive school according to area per workplace
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Proposal of Measuring Cost of Changing Level of Service;
An alternative) procedure has been proposed for measuring cost of changing 
service levels (Of the teaching spaces, depending on cost records of services 
conversion, whiclh was fully discussed in a comprehensive study on school 
building conducted by DES and Welsh office (1980). Criteria for categorization 
of teaching areas, according to their level of services, have been set earlier 
in chapter IV (see p. ). Five main service levels have been identified in 
school buildings referring to; level zero for circulation and services area, 
level one for general-purpose teaching accommodation, level two for 
light-practical teaching spaces, level three for heavy-practical teaching space 
and level four for large spaces, physical education and drama hall.
However, two main constraints affecting the change in level of services of 
teaching space can be distinguished; i) the availability of services in the 
space and ii) the cost of provision. Lack of services and excessive cost of 
adaptation might make it difficult for the teaching space to be adapted to new 
activity requirements. Such adaptation of space could be indicated in economic 
terms and could be described in terms of the differences in level of sen/icing 
before and after adaptation, so that an empirical generalisation could be made 
about the nature of change between different samples.
The procedures to be used in this study for constructing weighting scores
system depends on the raising or lowering servicing levels in each teaching
spaces. This can be averaged to indicate the degree of adaptation in any 
teaching department, as they may be changed either from low-serviced to a 
highly-serviced, or the reverse.
A yardstick for measuring the cost of conversion of level of services has 
been proposed by adopting a unit of cost per metric cost place, and hence, a 
gross total cost per metric cost place could be identified. This represents a 
summation of basic net cost, fees and equipment cost for the current cost after 
adjustment to the current prices.
By normalising the gross total cost to the lowest score, a comparative
weighting score scale for the cost of converting services per meter could be
obtained as shown in table-1.
Accordingly, weighting scores of conversion of services in any particular 
teaching space could be computed by multiplying the score of conversion by the 
area of that space. A scale for allocating weighting scores with respect to 
the possible ways for changing servicing level is shown in table-2.
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928 122 139 1189 63" 1.00
b. Light- practical 
teaching space
1211 159 139 15Q9 70 1.20
c. Heavy- practical 
teaching space
1141 150 139 1430 70 1.13
d. Large spaces 925 122 139 1189 60 1.00
Conversion of Teach. 
Accommodation
a. Conversion of 
surplus General to 
Light practical
423 101 90'" 614 - 2.60
b. Conversion of 
surplus Light to 
General purpose
351 84 90 525 - 2.20
c. Conversion of 
surplus Light to 
Heavy practical
155 38 90 283 - 1.00
d. Conversion of 
surplus Heavy to 
Light practical
155 38 90 283 1.00
Table 1: Proposed cost per metric cost required for addition of new
teaching spaces and conversion
(A) Basic Net; which encompass cost of certain associated paving and fixed 
furniture and equipment
(B) Fees; which encompass cost of professional fees inducing cost place, mounting, 
supervision and completion.
(C) Equipment; which encompass cost of movable ’loose* furniture and equipment 
installed in new or remodelled accommodation.
(0 ) Total of the above costs.
(E) Associated Recurrent cost per year; which encompass teaching and non-teaching 
staff such as running costs, maintenance and the purchase of teaching materials.
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(i) Cost Place: I t  is a standard unit fo r  costing and analysis of area. The
relationship between cost place and pupil place is close but varies according to 
several factors, mainly the size of school. Smaller schools attract more cost 
places because they need a proportionately greater amount o f central area. As a 
rule of thumb, the number of cost places is more or less the minimum teaching area 
(in sq meter) divided by two fo r primary school, three fo r a middle school and four 
fo r secondary school which is 39 sq m per imperial cost and = 60% o f gross area.
(DES, 1980,p.128,172)
(ii) Associated Recurrent cost per year: Average building related recurrent costs
excluding cost of fixed elements i.e. school secretaries and other ancillary staff,
which could be incurred as new schools were added to the stock but not as a result 
of extension. Recurrent costs per sq meter assumed broadly unaffected recurrent
cost per place would increase as area per place increased.
(iii) Equipment cost: It is taken undifferentiated between types of accommodation
and recurrent cost per place (i.e. light, heavy ,etc) as unaffected as average. In  
practice there might be some variation around norm. Furniture cost represent 80% of 
total excluding kitchen equipment.
Level Services Before 
change





Lo: Circulation areas, 
corridors.
Lo: Services areas(e.g. stores, 
toilets and cloaks rooms)
2.00
L i: Circulation areas, Li: General purpose teaching 3.00
services and storage L2 : Light-practical teaching 3.00
areas, etc. L3 : Heavy-practical teaching 3.00
Li General purpose teaching 
accommodation (e.g.class 
room, seminar room, etc)
Li: Teaching staff room.ltorary
individualised study .dining 
hall, etc.
2.00
L2 : Light-practical teaching 
areas (e.g. computer & art 
rooms, audiovisual & labs)
3.20
L3 : Heavy-practical (e.g. CDT) 3.60
L2 :Light-practical teaching Li: General purpose teaching 3.20
(i.e. Labs, Computer& Art 
Audiovisual, Commerce
L2 : Light-practical teaching 
(e.g renovation,T.V.E.I)
1.00
rooms, etc.) L3 : Heavy practical teaching 2.00
L_3: Heavy-practical teaching L2 : Light-practical teaching 2.00
Table 2: Proposed weighting scores for changing level of services of teaching 
spaces.
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I am a postgraduate student at the School of Architecture and Building
Engineering, Bath University. I am now pursuing a research programme for a Ph.D. 
degree under the supervision of Professor Michael Brawne and have been advised by 
Mr. Gerald Lloyd, the Director-lnservice Education at the School of Education.
As part of my research I am undertaking a survey of selected school buildings to
obtain empirical data concerning the flexibility of these buildings in use and 
how these buildings have accommodated changes and adaptation in use over a set 
period of time. The intention of the study is to draw conclusions about
improving the functional efficiency of school buildings.
I will be most grateful if you could arrange for the enclosed questionnaire to be 
completed. They are concerned with how you use your teaching spaces, whether any 
type of change has occurred in them and your satisfaction with your school 
building. I should stress that your answers will be treated in the strictest 
confidence. These questions will require about fifteen minutes to answer.
With this letter you will find several copies of questionnaire for the 
headteacher, deputy-headteacher and teaching staff to complete. Would you kindly 
send them back, via the enclosed stamped addressed envelope, as soon as they have 
been answered.
I look forward to hearing from you and I hope that you will be willing to 
co-operate with us since your help can contribute in developing the operational 
efficiency of school buildings.




UNIVERSITY OF PATH, SCHOOL OF ARCHITECTURE AND BUILDING ENGINEERING, 
Bath, Claverton Doiwn BA2 7AY
SURVEY OF SECONDARY SCHOOL BUILDINGS
School No. Code
General instruction for both headteacher and deputy-headteachers:
1. Please respond to all questions as they relate to your school.
2. Select only one answer to the question or statement presented
unless otherwise stated.
3. After making your selection put ( )  mark inside the selected box Q-
4. For questions where specific figures or information are required,
please write briefly using the space provided.
5. Please enclose the existing plan(s) of your school i f  available.
SECTIQEU;
Please fill in the appropriate information as indicated:
(a) What is the name of your school?................................
(a) How long have you been a headteacher or deputy-headteacher?....
(b) What iS your profession ? (tick one please)
Q Headteacher. [] Deputy-head. Q
(g) How long have you been in this school ? (tick one please)
One year. [] Less than five. [] Five years. []
Less than ten. [] Ten years. [] More than ten years. []
SECTION B:
1. Please quote numbers in each of the following categories as they are 
related to your school:
a. Pupils (No. on roll). ( . ) b, General-purpose classrooms. (....)
c. Teachers. (...) d. SDecialised class-rooms. (...)
e. Technicians. (...) f. Clerical staff. (...)
2. Which of the following facilities are available in your school ?
(please tick as appropriate)
a. Science laboratories. fl h. Library. fl
b. Art-rooms. n i. Resources room. fl
c. Cafeteria. fl j. Multi-purpose hall. fl
d. Audio-visual labs._ fl k. Gymnasium. fl
e. Workshops. fl 1. Music and drama rooms. fl
1. Crafts rooms. U m. Others (please specify)
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3. Have the technical services been changed or added to :
(please tick as appropriate)
Yes No
a. Utility services (water.electricity & telephones). n fl
b. Computer systems /micro-processor. n ii
c. Heating, ventilation and/or lighting fixtures. n a
d. Gas and fuel installations. n n
e. Audio-visual and Remote-video systems [] n
f. Others (please specify).........................
4. Please check the physical changes and/or additions that have taken place 
in your school during the last ten years and the frequency of their 
occurrence.
(please tick Frequency of 
as appropriate) change
a. Addition of teaching spaces. ri
b. Subdivision of existing areas. fl
c. Removal and demolition of any space. fl
d. Reorganisation of partitions(e.g. removal 
and then replacement with new ones). fl
e. Change in finishings(i.e.of flooring,walls 
& ceilings plastering and/or paintings). fl
f. Changes in function/use of spaces. fl
g. Adding new furniture. fl
h. Expansion by addition of new teaching 
departments or socio-recreational areas. fl
SECTION C:
The following questions concern the easiness & effectiveness of change in your 
school building:
5. How appropriate in your opinion is, irrespective of financial resources to:









a. Change area/size of spaces? f] fl fl fl n
b. Change the use/function of teaching 
spaces? fl fl fl fl n
c. Install new services (e.g. exhaust 
fans, radiator, gas & fuel pipes) n fl fl fl n
d. Change the internal finishings fl (1-- fl n n
e. Add new furniture/ equipment. fl n _ fl n n
f. Expanding school capacity. D D D a D
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6. How expensive,, in your opinion, is the material and labour cost to achieve the







a. Change of area/size of space. fl n n fl n
b. Change the use/function 
of the existing teaching space. n n n fl t]
c. Install new services. n n n h n n
d. Change the internal finishings. n n n n n
e. Addition of new furniture and/ 
or equipment.
D D D D []
f. Expanding school facilities. n D n [] n
7. Can you describe, how change in the following items may contribute in improving 
the overall performance of your school ?





a. Addition of new teaching spaces. fl fl fl
b. Subdivision of teaching spaces. fl fl fl
c. Installing new service units. fl fl fl
d. Changing the finishings. fl fl fl
e. Addition of new furniture/equipment. fl 0 fl
The following questions concern the present dem and for maintenance in 
your school:
8. How could you describe the present demand for maintenance and renovation in 
your school for the following aspects ?





a. Constructional elements.(i.e.extemal 
walls.intemat partitionings.stairs). n fl fl
b. Openings (windows & doors). n fl fl
c. Educational Furniture and equipments. n fl fl
d. Utility services (water, electricity, 
gas and fuel installations, etc.). n fl fl
e. Finishing materials of the school. n fl fl
f. Heating and ventilation systems. n fl fl
g. Lighting & false-ceiling fixtures n fl fl
h. Services areas (toilets.storages.etc) n fl fl
i. Sanitary .drainage and plumbing fixture. D fl fl
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9. Which three of the following attributes do you think are more important than 
the others to bee improved ?
(please tick only three)
a. The architectural aDDearance of your school. fl
b. External & internal finishings. n
c. Openings (windows & doors). (I
d. Level of maiintenance of your school building. fl
e. Utility services(e.g.water.electricity.etc). fl
f. Durability of your school buildings. fl
g. Services areas (e.g. toilets, storages.etc). n
h. Educational furniture and/or equipments. fl
i. Heating and ventilation systems. n
10. Please describe your extent of satisfaction of the following aspects of your 
school building.










a. The availability of enough 
generalised teaching spaces fl fl fl fl fl
b. The availability of enough 
specialised teaching spaces. n fl f] fl fl
c. The visual quality of your school 
building. n fl fl fl fl
d. Environmental conditions of your 
school(i.e.heating & ventilation) n fl n fl - Q .
e. Environmental conditions of your 
school( i.e. acoustics) n n n fl D
f. The design of your school. D (] [] a D
11. If you have any additional comments or suggestions concerning the design and the 
operational deficiencies of your school, please write them briefly:
Thank you so much for taking time to complete this questionnaire. 
Please return this questionnaire and the teaching staff questionnaire, 
as soon as completed using the enclosed stamped return envelope.
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BATH UNIVERSITY, ;SCHOOL OF ARCHITECTURE AND BUILDING ENGINEERING, 
Bath, Claverton Down BA2 7AY
SURVEY OF SECONDARY SCHOOL BUILDINGS
SCHOOL No EDUCATIONAL DEPT. CODE
Name of the school.
General instruction for head of departments and teachers of the school.
1. Please respond to all questions as they relate to your teaching 
department, teaching space and or classroom.
2. Select only one answer to the question or statement presented unless 
otherwise stated.
3. After making your selection put ( ) inside the selected box [] •
SECTIQNA;
Please fill in the appropriate information as indicated
(a) How much time have you spent on the present job?
(b) What is your present occupation ?
(please tick as appropriate) 
Teaching [] Supervisor []
Head of department [] Technical. []
Administrative. [] Senior tutor []
Others (please specify............................................ ...............
(c) How long have you been in this school ?
( tick one please)
(1- 5) years [], (6-10) years [] , More than (10 )years []
If the answer is five years or more please go to question(d), if not go 
to section (b).





j) The location of the teaching department is shown hatched on the m aster plan 
of your school building on page ^
jj^  Detailed plans of your teaching department as it w as initially designed and  
constructed are illustrated on page(5) .These illustrate the spatial 
organisation at the pre-occupation stage of the school. However, w e assum e  
that a  few  changes have occurred since that time. Please mention them  
below.
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If you have b>een in this school for less than five years and you feel that 
you could not! specify these changes, please go to section (c).
On the plam on page (7), please identify your own class-room and/or teaching  
space(s) by encircling the appropriate num ber of the left side of the sheet. 
However, your own class-room or teaching space(s) describe the space(s) 
which you have regularly occupied for the majority of time spent at your 
department .
To the best of your knowledge, has the function and use of your teaching
teaching department been changed or modified within the last five years 
(e.g. changed function of dept, from science into social studies)?
(please tick one)
Yes [], No [] , I dont know []
If the answer is (yes) please state the use :
a. before modification...............................................
b. After modification...............................................
The following questions concern teaching periods and size of learning
groups in your class-room or teaching space. (To be answered by full-time 
teachers only).
Could you describe type(s) of activities performed in your teaching space?





Please state numbers in each of the following indicators as they are 
related to your class-room or teaching space:
a. The average number of periods per week as allocated in the school
time-table. (........)
b. The average number of actual periods per week spent for teaching
purposes. (..........)
c. The average number of hours spent daily on teaching. ( )
d. The average number of working-places. (.... )
What is (are) the size of learning groups working in your classroom or 
teaching space?
(please tick as appropriate)
(1 - 4)pupils [], (5 -9 )  pupils [], (10-15) pupils []
(16-36)pupils [], (36-72) pupils [],
Has the area/size of your teaching space been changed to increase its 
efficiency in use?
(please tick as appropriate)
Yes [], No [], I dont know []
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6. If you have consistently used your teaching space during the last five 
years, what sorft of change(s) has or (have) been undergone ?
(please tick as aapropriate)
(i) Change im the physical elements of the space []
(i.e. partitions, Technical, services units & 
equipment, finishings,...etc.).
(ii) Organisational change (i.e. learning activities, []
time-tabling, size of learning groups,.., etc.)
If the answer is please go to questions No. ( J j .1 3 )
If the answer is please specify one or more of the following possible 
physical changes and then please go to questions No. (7-10)
(please tick as appropriate)
a. Expansion of the teaching area. []
b. Contraction of the teaching area. []
c. Subdivision of the teaching area. []
d. Expansion by addition of new []
teaching or ancillary area.
7. Could you estimate how often the above items have changed during the last 
five years ?
(please tick as appropriate)
a. Once []
b. Twice []
c. Five times []
d. Ten times []
e. Others (please specify). .
8. Could you describe which of the following items in your teaching space 
have changed since you have been in this school ?
(please tick as appropriate)
increased The same Decreased
a. The No. of moveable and/or 
relocatable partitions. n n n
b. The No. of Interior cabinets 
(display, storage units, shelves). n n n
c. The No. of moveable equipment n [] n
d. The No. of place-fixed equipment. n n n
e. Height of the teaching space. n n n
f. No. of openings (windows & doors). n n n
g. Utility services(i.e. power points 
telephone outlets). n n n
h. Utility services(i.e. water supply) 
& drainage installations). n n n
i. False ceiling & lighting units.. n n n
i. Technical and environmental service
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10. Have the technical and environmental services been changed or added lo 
improve the functional efficiency of your teaching space? If the answer
is (yes), please state the type of change.
(please tick as appropriate)
Yes No
a. Utility services (electricity & telephones). n n
b. Utility services (water supply) n n
c. Computer systems/micro-processors. n n
d. Heating, ventilation units and/lighting fixture (i -  n -
e. Gas and fuel installations. n n
f. Audio-visual and Remote-video systems (i n
g. Others (please specify).......................
11. If the change in your class-room or teaching space is organisational, 
which of the following items could describe that type of change and how 
often that change happened?
Frequency of change
(please tick as appropriate) Daily Weekly Monthly
a. Organisation and size of learning groups n n n n
b. Type of activities D n n n
c. Use and function of the space. n n n n
d. User of the space. D n n n
e. Teaching methods. D [] D []
I f  the answer is (b) andlor (c) go to question No. (12 )
I f  the answer is (e) go to question No. (13)
12. Which of the following activities were previously performed by you in your 
teaching space and have been changed now ?






a. Tutoring individualised or small groups. fl fl
b. General teaching and lecturing. fl fl
c. Supervising a team of teachers for 
different learning groups. fl fl
d. Experimenting involving equipment fl fl
e. Preparation and maintenance. fl fl
f. Discussion and seminars activities. n n
a. Relaxing and/or socialising. n n
h. Others ( please specify) ........
(Appendix-D6)
13. Do you ttiirfk that there has been a change in the following aspects of
teaching and learning, in your class-room? If the answer is (yes) please 
indicate whether I  has increased or decreased.
(please tick as appropriate)
Yes No Increase Decrease
a. The time-tabling (average No. of 
hours of teachinq per day). n n n fl
b. The pedagogical and teaching methods n [] D fl
c. The curriculum (subjects, group of 
related subjects) . n n n n
d. Types of audio-visual aids, equipment 
demonstration kits. etc. n n n n
e. Average number of pupils taught at 
one time(i.e. size of learning groups) D [] [] n
SECTION C:
14. Can you describe, how change in the following items may contribute in 
improving the overall performance of your teaching space ?
(please tick as appropriate)
Very
effective
Effective Not so 
effective
a. Addition of adjacent teaching area D fl D
b. Subdivision of your teaching area. D [] D
c. Installing new service units. 0 [] a
d. Changing the finishings. D [] []
e. Addition of new furniture/equipment a [] 0
15. To what extent could your class-room/ teaching space be reorganised 
(i.e. for the provision of a greater diversity of learning activities).
(please tick as appropriate)
Not-efficient [] fairly efficient [] neither nor []
Very efficient fl Excessive [J
16. How satisfactory was your class-room in general five years ago compared to 
now?




a. Very satisfactory. n n
b. Satisfactory. n fi
c. Neither nor. n nd. Unsatisfactory. n n
e. Not satisfactory at all. D D
(Appendix-D7)
17. How adequate w*ere and (are) your class-room equipment and furniture five 
years ago compared to now ?




a. Very adequate. n n
b. Adequate. n n
c. Neither nor. n n
d. Inadequate. n n
e. Not adequate at all. D a
18. How could you describe the suitability of the following characteristics of 
your class-room/ or teaching space ?





a. The area and size of your 
teaching space. n [] n
b. Acoustical and visual privacy 
of your teaching space. n n n
c. Environmental conditions (i.e. 
heatina.ventilation & lighting) n n n
e. Display and storage space. n n n
f. Utility services. n (i n
g. Saintary and plumbing fixtures. 0 n 0
If you have any additional comments or suggestions concerning the design 
and use of your class-room and school, Please write them briefly:
Thank you very much fo r taking time to complete this questionnaire. Please 
return this questionnaire back to the concerned deputy-head.
iMPR
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Ranking order of Areas:I 
Less than 13.8 sqm -  1 
(13.90-41.41 )sq m = 2 
(41.50-69.00)sq m = 3 
(69.10-96.60)sq m = 4 
More than 96.6 sq m = 5
(Appendix-F2)
M T B  >  re t r  C u lv e r t ia y c tO T
Area Lengt iWidt l Riooms Rooms
(m2) (m) (m) proportion proportion
(approx.)
69.12 9.6 7.2 1.33 1.5
69.12 9.6 7.2 1.33 1.5
45.36 7.2 6.3 1.14 1.0
60.48 8.4 7.2 1.16 1.0
60.48 8.4 7.2 1.16 1.0
46.80 7.8 6.0 1.30 1.5
60.48 8.4 7.2 1.16 1.0
28.80 6.0 4.8 1.25 1.0
25.20 6.0 4.2 1.42 1.5
50.40 8.4 6.0 1.40 1.5
16.20 6.0 2.7 2.22 3.0
50.40 8.4 6.0 1.40 1.5
50.22 9.3 5.4 1.72 2.0
35.64 6.6 5.4 1.22 1.0
35.64 6.6 5.4 1.22 1.0
15.84 4.8 3.3 1.45 1.5
31.68 6.6 4.8 1.37 1.5
MTB > histogram of Area 














MTB > boxplot Area
70m2
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MTB > retr 'CulvertiayHUM'
Area Area Lengt iWidt l Lengtl" Width Rooms Rooms
(m2) rankingl(m) Cm) rankirv 1 rankin<I proportioi ) proportioi l 
(approx.)
71.3 3 13.2 5.4 7 3 2.44 3.0
50.2 2 9.3 5.4 5 3 1.72 2.0
15.9 1 4.8 3.3 2 1 1.45 1.5
34.6 1 7.2 4.8 4 2 1.50 1.5
34.6 1 6.6 5.4 4 3 1.22 1.0
38.9 1 7.2 5.4 4 3 1.33 1.5
38.9 1 7.2 5.4 4 3 1.33 1.5
43.7 2 8.1 5.4 5 3 1.50 1.5
43.7 2 8.1 5.4 5 3 1.50 1.5
48.6 2 9.0 6.3 5 4 1.42 1.5
41.6 2 6.6 4.8 4 2 1.37 1.5
34.7 1 7.2 5.4 4 3 1.33 1.5
35.7 1 6.6 5.4 4 3 1.22 1.0
52.0 2 7.2 7.2 4 4 1.00 1.0
39.0 1 7.2 5.4 4 3 1.33 1.5
47.6 2 7.2 6.6 4 4 1.09 1.0
79.2 3 12.0 6.6 7 4 1.81 2.0
MTB > Histogram Area














MTB > boxplot Area
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93.50 4 11.5 8.0 1.43 1.5
60.60 3 8.0 7.6 1.05 1.0
60.60 3 8.0 7.6 1.05 1.0
60.60 3 8.0 7.6 1.05 1.0
38.30 2 8.5 4.5 1.88 2.0
60.60 3 8.0 7.6 1.05 1.0
67.70 3 8.4 8.0 1.05 1.0
67.70 3 8.4 8.0 1.05 1.0
22.75 2 6.5 3.5 1.85 2.0
90.60 4 12.5 7.5 1.66 2.0
67.90 3 9.0 7.5 1.20 1.0
60.60 3 8.0 7.6 1.05 1.0
60.60 3 8.0 7.6 1.05 1.0
60.60 3 8.0 7.6 1.05 1.0
60.60 3 8.0 7.6 1.05 1.0
90.60 4 12.5 7.5 1.66 2.0
67.70 3 8.4 8.0 1.05 1.0
67.70 3 8.4 8.0 1.05 1.0
47.00 3 7.5 7.5 1.00 1.0
47.00 3 7.5 7.5 1.00 1.0
97.20 5 10.8 9.0 1.20 1.0
22.75 2 6.5 3.5 1.85 2.0
MTB > Histogram Area 











MTB > boxplot Area
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93.50 4 11.5 8.0 1.43 1.5
60.60 3 8.0 7.6 1.05 1.0
60.60 3 8.0 7.6 1.05 1.0
60.60 3 8.0 7.6 1.05 1.0
38.30 2 8.5 4.5 1.88 2.0
60.60 3 8.0 7.6 1.05 1.0
67.70 3 8.4 8.0 1.05 1.0
67.70 3 8.4 8.0 1.05 1.0
22.75 2 6.5 3.5 1.85 2.0
90.60 4 12.5 7.5 1.66 2.0
67.90 3 9.0 7.5 1.20 1.0
60.60 3 8.0 7.6 1.05 1.0
60.60 3 8.0 7.6 1.05 1.0
60.60 3 8.0 7.6 1.05 1.0
60.60 3 8.0 7.6 1.05 1.0
90.60 4 12.5 7.5 1.66 2.0
67.70 3 8.4 8.0 1.05 1.0
67.70 3 8.4 8.0 1.05 1.0
47.00 3 7.5 7.5 1.00 1.0
47.00 3 7.5 7.5 1.00 1.0
97.20 4 10.8 9.0 1.20 1.0
22.75 2 6.5 3.5 1.85 2.0
MTB > Histogram Area 































53 7.3 7.3 4 4 1.00 1.0
53 7.3 7.3 4 4 1.00 1.0
53 7.3 7.3 4 4 1.00 1.0
53 7.3 7.3 4 4 1.00 1.0
53 7.3 7.3 4 4 1.00 1.0
54 7.3 7.3 4 4 1.00 1.0
12 3.6 3.2 2 1 1.12 1.0
12 3.6 3.2 2 1 1.12 1.0
17 7.5 2.3 4 1 3.26 3.0
33 4.6 2.3 8 1 6.34 6.0
50 8.2 6.0 5 3 1.36 1.5
43 7.2 4.0 4 2 1.80 2.0
MTB > Histogram of Area 












MTB > boxplot Area
48.0 m2
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58.50 3 9.0 6.5 5 4 1.38 2
90.00 4 10.0 90 6 5 1.11 2
58.50 3 9.0 65 5 4 1.38 2
27.00 2 9.5 80 5 5 1.18 2
76.00 4 10.0 85 6 5 1.17 2
85.00 4 11.0 75 6 4 1.46 2
82.50 4 13.5 13.5 8 8 1.00 1
182.25 5 5.5 50 3 3 1.10 2
27.50 2 7.5 65 4 4 1.15 2
48.75 3 10.0 65 6 4 1.53 3
65.00 3 15.0 65 8 4 2.30 4
97.50 5 17.0 60 8 3 2.83 4
102.0C 5 8.5 80 5 5 1.06 2
68.00 3 13.0 70 7 4 1.85 3
91.00 4 22.5 8.0 9 5 2.81 4
180.0C 5 20.0 110 9 6 1.81 3
220.0C 5 4.0 2.0 2 1 2.00 3
24.50 2 5.5 30 3 1 1.83 3
27.50 2 5.5 5.0 3 3 1.10 2
63.75 3 7.5 85 4 5 0.88 2
MTB > Histogram Area 













MTB > boxplot Area
—  ** o
j__  i _ i . . Arao
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27.28 2 6.2 4.4 4 2 1.40 1.5
14.88 2 6.2 2.4 4 1 2.58 3.0
17.34 2 5.1 3.4 3 1 1.50 1.5
6.12 1 3.4 1.8 1 1 1.88 2.0
66.96 3 10.8 6 .2 6 4 1.74 2.0
42.00 3 7.0 6.0 4 3 1.16 1.0
56.00 3 8.0 7.0 5 4 1.14 1.0
13.44 1 4.2 3.2 2 1 1.31 1.5
14.69 2 4.4 3.4 2 1 1.29 1.5
27.28 2 6.2 4.4 4 2 1.40 1.5
13.64 1 6.2 2 .2 4 1 2.81 2.0
90.92 4 10.8 8.4 6 5 1.28 1.5
24.30 2 8.1 3.0 5 1 2.70 3.0
63.00 3 9.0 7.0 5 4 1.28 1.5
44.80 3 7.0 6.4 4 4 1.09 1.0
7.04 1 4.4 1.6 2 1 2.75 3.0
62.22 3 10.2 6.1 6 4 1.67 2.0
4.00 1 2.0 2 .0 1 1 1.00 1.0
19.84 2 6.1 3.2 4 1 1.90 2.0
64.80 3 9.0 7.2 5 4 1.25 1.5
29.16 2 5.4 5.4 3 3 1.00 1.0
64.00 3 8.0 8 .0 5 5 1.00 1.0
103.60 5 14.8 7.0 8 4 2.11 2.0
12.80 1 6.4 2 .0 4 1 3.20 3.0
15.84 2 4.4 3.2 2 1 1.37 1.5
14.08 2 4.4 3.6 2 1 1.22 1.0
6.60 1 3.0 2 .2 1 1 1.36 1.5
22.40 2 7.0 3.2 4 1 2.18 2.0
81.20 4 14.0 5.8 8 3 2.41 3.0
27.20 2 8.0 3.4 5 1 2.35 3.0
MTB > Histogram Area 
Histogram of Area N *  31
Midpoint Count
0 1 *
10 g  * * *******
20 5 *****









MTB > boxplot Area
•+---------+------Area
80 100 m2
H----- — + —
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16.80 2 8.4 2.0 5 1 4.0
97.92 5 13.6 7.2 8 4 2.0
54.00 3 7.2 6.2 4 4 1.0
54.00 3 4.2 2.2 2 1 2.0
54.00 3 7.2 6.2 4 4 1.0
54.00 3 4.2 2.2 2 1 2.0
119.00 5 7.2 6.2 4 4 1.0
8.40 1 4.2 2.2 2 1 2.0
8.80 1 7.2 6.2 4 4 1.0
90.72 4 4.2 2.2 2 1 2.0
5.40 1 17.0 7.0 9 4 2.5
10.80 1 4.2 2.0 2 1 2.0
27.72 2 4.4 2.0 2 1 2.0
6.00 1 12.6 7.2 7 4 2.0
75.00 4 5.4 1.0 3 1 5.0
54.00 3 5.4 2.0 3 1 2.5
54.00 3 6.6 4.2 4 2 1.5
54.00 3 3.0 2.0 1 1 1.5
54.00 3 10.4 7.2 6 4 1.5
57.60 3 8.4 7.2 5 4 1.0
10.80 1 8.0 7.2 5 4 1.0
10.00 1 5.4 2.0 3 1 2.5
90.72 4 5.0 2.0 3 1 2.5
5.40 1 12.6 7.2 7 4 2.0
89.28 4 5.4 1.0 3 1 5.0
99.28 4 12.4 7.2 7 4 2.0
MTB > Histogram Area 
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c o l l Availability of science laboratories. 2=yes, 2=No
col 2 of Art-room.
col 3 cafeteria or dining hall.
col 4 of audio-visual lang. labs.
col 5 * of workshops.
col 6 of craft rooms.
col 7 * of library and or media.
col 8 * of resource or computer room.
col 9 of multi-purpose hall.
col 10 of gymnasium.
col 11 of music and drama rooms.
col 12 of others (e.g theater, swimming pool, etc).
col 13-17 Change in utility and environ, services.
col 19-27 Physical and organisational changes.
c1 c12 c13 c18 c19 c27
France Hill Comp.8 (Surry) 
Syston Upper sch.8 (Leices) 
Henry Fanshaw Compa(Dertv 
St Mary’s Collegea(Cheshire) 
Beechen Cliff comp b (Bath) 
Kingswood Indep. schb(Bath) 
Culverhay Comp. sch.c(Bath) 
Kingsdown Comp. schc(Wiits) 
Matravers Comp. sch.(Wiits) 
Mandeville Comp. sch(Bucks) 
St Mark’s R.C. sch.c (Bath) 
George Ward Comp. (Wilts) 
Temple Cowley sch. (Oxford) 
Warniner Comp, sch (Oxford) 
Kingsdown Comp. (Swindon) 
Hreod Buma Comp. (Swindon) 
Headlines Comp. (Swindon) 
Mark Hall Comp. sch.(Essex) 
Easthampstead Comp. (Berks] 
Turnpike Comp. sch. (Berks) 
Downs Comp. sch. (Berks) 
Forest Comp. sch. (Berks) 
Altwood C.E. sch (Berks) 
East Combe Comp. (Gios) 
Kingsbury Comp. sch.(Staffs 
Joseph Whitaker scha(Notts) 
Sheldon Comp. sch.c (Wilts) 
Hardenhuish Comp b (Wilts) 
Glascote Comp, sch (Staff) 
Ralph ABen Comp c (Bath) 
Belgrave Comp, sch (Staff) 
Redhill Comp, sch (Notts) 
Trinity Comp, sch (Notts) 
Oldfield Girls Sch 8 (Bath)
2 2 2 1 2 2 2 2 2 2 2 1
2 2 2 1 2 2 2 2 2 2 2 2
£ 2 2 1 2 2 2 2 2 2 2 1
2 2 2 1 2 2 2 1 2 2 2 1
2 2 2 2 2 2 2 2 2 2 2 1
2 2 2 2 2 2 2 2 2 2 2 1
2 2 2 1 2 2 2 2 2 2 1 1
2 2 2 1 2 2 2 2 2 2 2 1
2 2 2 1 2 2 2 1 1 1 1 1
2 2 2 1 2 2 2 2 2 2 2 1
2 2 2 1 2 2 2 2 2 2 2 1
2 2 2 2 2 2 2 2 2 2 2 1
2 2 2 1 2 2 1 2 2 2 2 1
2 2 2 1 2 2 2 2 2 2 2 1
2 2 2 1 2 2 2 1 2 1 2 1
2 2 2 1 2 2 2 1 1 2 2 1
2 2 2 1 2 2 2 2 2 2 2 2
2 2 2 1 2 2 2 2 2 2 2 1
2 2 2 1 2 2 2 2 2 2 2 1
2 2 2 1 2 2 2 1 1 2 2 1
2 2 2 1 2 2 2 1 1 1 1 1
2 2 2 1 2 2 2 2 1 2 2 1
2 2 2 1 2 2 2 1 1 2 2 1
2 2 2 1 2 2 2 1 1 1 1 1
2 2 2 1 2 2 2 1 1 2 1 1
2 2 2 1 2 2 2 1 2 2 1 1
2 2 2 1 2 2 2 2 2 2 2 1
2 2 2 1 2 2 2 2 2 2 2 1
2 2 2 1 2 2 2 1 1 2 2 2
2 2 2 1 2 2 2 1 2 2 2 1
* * * * * * * * * * * *
2 2 2 1 2 2 2 2 2 2 2 1
2 2 2 1  2
2 2 2 1  1
2 2 2 2 1
2 1 2 1 1
2 2 1 1 2
2 2 2 2 1
2 2 1 1 2
2 2 1 1 1
1 2 1 1 1
1 2 1 2 1
2 2 2 2 2
1 2 2 1 1
1 2 2 1 1
2 2 1 1 1
2 1 1 1 1
2 2 1 1 1
2 2 1 1 1
2 2 1 1 1
2 2 2 1  1
2 1 2 1 1
1 2 1 1 1
2 2 1 1 1
1 2 1 1 1
* * * * *
2 2 2 1  1 
2 1 2 1 1  
1 2 2 1 1  
1 2 2 1 1  
* g * * * 
1 2 1 2 1  
2 2 1 1 1  
1 2 1 1 1  
2 2 2 1  1 
2 2 2 1  1
1 2 1 2 2 2 2 2 2 2  
2 2 2 2 2 1 2 1 2 1  
2 2 1 2 2 2 2 2 2 2  
2 2 1  1 2 2 2 2 1  1
2 2 1 2 2 2 2 2 2 2  
12  12  1 1 1 2 2 1  
1 2 2 2 2 2 2 2 2 2  
2 2 2 2 1 2 2 2 2 2  
2 2 2 2 2 2 2 2 2 1  
2 2 1 2 2 2 2 2 2 2  
1 1 1 1 2 2 2 2 2 1  
1 1 2 1 2 1 2 2 1 1  
2 1 2 1 1 2 1 2 1 2  
2 2 2 2 1 2 2 2 2 1  
2 2 2 2  1 2 2 2 2 2
* * * * * 2 * * * *  
2 2 1 1 2 2 1 2 2 2  
1 1 2 1 2 1 2 2 2 1  
1 1 1 1 1 2 1 1 1 1  
2 2 1 1 1 2 1 2 2 2  
2 1 2 1 1 1 2 1 1 1  
1 1 1 1 1 1 2 1 1 1  
1 21 2 2 2 2 2 2 1  
2 2 2 1 2 2 2 1 1 2  
1 1 2 1 2 2 2 2 2 1  
1 2 1 1 2 2 1 2 2 1
2 2 2 1 2 2 1 2 2 2  
2 1 2 1 1 1 2 2 2 1  
2 2 2 2 1 2 2 2 2 1  
2 2 2 2 2 2 2 2 2 1  
1 2 1 2 2 2 1 2 2 1
(*): Missing data, (a): I.S.B.S., (b): T.S.B.S1, (c): T.S.B.S2
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Col. 1-5: Easiness and Appropriateness of change a r t  adaptation-(lndicator A).
4= Very easy, 3=Easy, 2=Not easy, 1-Not easy at all.
Col. 6-10: Cost of change and adaptation-(lncficator B).
4= Very expensive, 3=Expensive, 2= Not necessairty expensive, 1=Not 
expensive at all.
Col. 11-15: Effectiveness of change and adaptation-(lndicator C).
3= Very effective, 2=Effective, 1* Not effective
Col. 16-23: Present demand for maintenance in school buikfings-(Indicator D).
3= Not essential, 2=Essential, 1= Very essential 
col. 24-27: Users Satisfactk>n-(lndicator E).
4= Very Satisfied, 3=Satisfied, 2=Not satisfied, 1=Not satisfied at 
aO.
c1 c5 c6 c10 c11 c15 c16 c23 c24 c27
France Hill Comp. 3 3 2 3 3 2 1 1 1 2 3 2 2 2 2 3 3 2 2 1 3 3 3 2 3 2 3 ISBS
Syston Upper sch. 3 4 3 4 4 2 2 3 1 3 3 2 2 2 2 2 3 3 3 3 3 3 3 2 1 2 2 ISBS
Henry Fanshaw Comf 2 3 4 3 4 2 2 2 2 2 3 2 3 3 3 3 3 3 2 3 2 3 3 3 2 3 2 ISBS
St Mary’s College 2 4 2 2 4 3 2 2 2 2 3 2 2 2 2 3 2 3 2 3 3 3 3 * * * * ISBS
Beechen Cliff comp 2 3 2 1  3 4 4 4 3 2 2 2 2 2 2 1 1 2 1 1 2 2 1 1 1 2 2 TSBS1
Kingswood Indep. sch 2 3 3 3 4 3 3 2 2 2 2 2 2 2 2 2 1 2 1 1 1 2 2 1 3 3 1 TSBS1
Culverhay Comp. sch. 1 3 2 3 4 3 3 3 3 2 2 1 1 2 3 1 1 2 2 1 2 2 2 * * * * TSBS1
Kingsdown Comp, set 1 2 2 3 3 4 3 3 2 1 3 2 1 2 3 3 1 2 2 3 2 1 3 1 3 1 1 TSBS2
Matravers Comp. sch. 2 2 2 3 3 4 4 3 3 3 3 2 2 3 2 1 1 2 2  1 2 2 3 3 3 3 2
Mandeville Comp, sch . 2 2 2 2 2 * * * * * 2 2 2 2 2 2 2 2 2 2 2 2 2 1 3 3 2
St Mark’s R.C. sch. 2 3 3 3 3 4 2 3 3 3 3 3 3 2 3 1 2 1 1 1 2 1 2 * * * * TSBSS
George Ward Comp. 1 3 4 4 4 * * * * * 3 3 3 2 2 2 2 2 2 2 2 2 1 * * * *
Temple Cowley sch. 2 2 3 4 4 2 2 4 2 3 2 1 2 1 2 1 1 2 2 1 1 1 1 * * * *
Waminer Comp. sch. 2 3 3 3 4 4 2 3 2 2 1 2 2 1 2 1 1 2 2 2 2 1 3 * * * *
Kingsdown Comp. 1 3 2 1 4 4 3 * 3  3 2 2 2 2 2 2 1 1 1 1 2 1 1 3 3 1 2
Hreod Buma Comp. 2 2 3 3 3 3 3 3 2 3 2 2 2 2 2 3 3 3 2 2 1 1 1 * * * *
Headlines Comp. 2 2 3 3 3 3 3 3 2 3 2 2 2 2 2 1 1 2 2 2 1 2 2 2 2 3 3
Mark Hall Comp. sch. 1 2 3 2 3 4 2 3 2 2 1 1 2 3 3 2 2 3 2 3 2 2 2 1 1 1 1
Easthampstead Comp . 1 2 1 1 2 4 2 3 3 3 3 2 2 2 2 2 2 3 2 2 2 2 1 2 3 3 3
Turnpike Comp. sch. 1 3 3 4 4 4 2 3 3 3 3 2 3 2 3 2 2 2 2 2 1 2 2 * * * *
Downs Comp. sch. 1 2 1 1 3 3 * 3 2 3 2 2 2 1  2 2 2 2 2 2 2 2 2 * * * *
Forest Comp. sch. 1 2 3 3 4 4 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 1 2 2 2
Attwood C.E. sch. 2 3 3 3 3 3 1 3 2 3 1 1 1 1 2 2 2 3 2 2 2 2 2 1 1 1 1
East Combe Comp. 1 1 2 3 4 4 3 3 2 2 3 1 2 2 3 1 2 2 2 2 2 2 2 1 2 2 2
Kingsbury Comp. sch. 3 3 2 1  2 2 * 2 3 3 3 2 2 1  1 1 1 1 1 1 2 3 2 1 2 1 2
Joseph Whitaker sch 1 3 3 4 4 2 2 2 2 1 2 2 2 3 3 3 3 1 2 3 3 3 3 • * * * ISBS
Sheldon Comp. sch. 2 2 2 2 2 3 2 2 2 2 3 2 2 3 3 2 2 3 3 3 1 1 3 * * * * TSBSi
Hardenhuish Comp 1 1 3 2 3 4 4 3 3 2 1 2 2 2 3 2 1 3 2 2 1 2 3 * * * * TSBS"
Glascote Comp. sch. 2 2 3 3 4 4 4 4 3 3 3 2 3 2 3 1 1 1 1 2 2 2 2 1 1 1 1
Ralph Allen Comp 1 1 1 1 2 2 2 2 2 2 3 3 2 2 2 2 2 2 1 1 1 1 1 3 3 2 2 TSBSJ
Redhill Comp. sch. 1 2 2 3 2 4 3 3 3 3 2 1 2 1 2 3 2 2 2 2 2 1 2 * * * *
Trinity Comp. sch. 2 2 2 3 4 3 3 4 2 3 2 2 2 2 2 1 1 1 1 1 2 2 1 * * * *
(Appendix-G3)
C1 - C5 : Users’ perception of Ease of Change & Adaptation (ISBS sample) 
C 31-C 35:" • ’ " * (TSBS sample)
C1 C31 C2 C32 C3 C33 C4 C34 C5 C35
ISBS TSBS ISBS TSBS ISBS TSBS ISBS TSBS ISBS TSBS
3 2 3 3 2 2 3 1 3 3
3 2 4 3 3 3 4 3 4 4
3 1 3 3 4 2 3 3 4 4
2 1 4 2 2 2 2 3 4 3
3 2 3 3 3 3 4 3 4 3
2 2 2 2 2
1 1 3 2 3
1 1 1 1 2
C6 -C10: Users' perception of Cost of Change & Adaptation (ISBS school sample) 
C36 -C 40: (TSBS school sample)
C6 C36 C7 C37 Cfl C33 C9 C39 C10 C40
ISBS TSBS ISBS TSBS ISBS TSBS ISBS TSBS ISBS TSBS
2 4 1 4 1 4 1 3 2 2
2 3 2 3 3 2 1 2 3 2
2 3 2 3 2 3 2 3 2 2
3 4 2 3 2 3 2 2 2 1
2 4 2 2 2 3 2 3 1 3
3 2 2 2 2
4 4 3 3 2
2 2 2 2 2
C11 -C15: Users' perception of Effectiveness of Change & Adaptation (ISBS school sample) 
C41-C45: " * " (TSBS school sample)
C11 C41 C12 C42 C13 C43 C14 C44 C15 C45
ISBS TSBS ISBS TSBS ISBS TSBS ISBS TSBS ISBS TSBS
3 2 2 2 2 2 2 2 2 2
3 2 2 2 2 2 2 2 2 2
3 2 2 1 3 1 3 2 3 3
3 3 2 2 2 1 2 2 3 2
2 3 2 3 2 3 3 2 3 3
3 2 2 3 3
1 2 2 2 3
3 3 2 2 2
(Appendix-G4)
C16 - C23 : Present Demaand for Maintenance (ISBS school sample). 
C 46-C 53: ’ • " (TSBS school sample).
C16 C46 C17 C47’ C18 C48 C19 C49 C20 C50 C21 C51 C22 C52 C23 C53
ISBS TSBS ISBS TSB3S ISBS TSBS ISBS TSBS ISBS TSBS ISBS TSBS ISBS TSBS ISBS TSBS
3 1 3 1 2 2 2 1 2 1 3 2 3 2 3 1
2 2 3 1 3 2 3 1 3 1 2 1 3 2 3 2
3 1 3 1 3 2 2 2 3 1 2 2 3 2 3 2
3 3 2 1 3 2 2 2 3 3 3 2 3 1 3 3
3 1 3 2 1 1 2 1 3 1 3 2 2 1 2 2
2 2 3 3 3 1 3 3
2 1 3 2 2 1 2 3
2 2 2 1 1 1 1 1
C24 - C27 Users Satisfaction (ISBS school sample). 
C 54-C57 '  " (TSBS school sample).
C24 C54 C25 C55 C26 C56 C27 C57
ISBS TSBS ISBS TSBS ISBS TSBS ISBS TSBS
2 1 3 1 2 2 3 2
2 1 1 3 2 3 2 1
3 2 2 2 3 2 2 2
2 1 2 3 2 1 2 1
1 2 2 2 1 2 2 2
3 2 2 2 2
3 2 2 2 2














Addition of adjacent 
teaching areas




r  -  0.596 a 
X2= 12.10 a




r  = 0.383b 
X * =  4.97 b
Changing finishing 
of teaching space.
r = 0.345 b 
X2= 4.05 b
Changing function/ 
use of teach, space
r = 0.311 r  = 0.300 r = 0.405b 
X2= 5.57 b
Addition of new 
furniture/equipment.
r = 0.470s 
X2* 7.50 a
r  = 0.573 a 
X2= 11.70 a
(»): tig. at p<.01 
(b): sig. at p<.05
Table (1): Correlation matrix between indicators of adaptation and change






N % % %
a. Constructional elements.
b. Openings ( windows and doors).
c. Educational furniture/ equipment.
d. Utility services.
e. Finishing materials.



























(N): Number of respondents who said very essential and essential to change
Table (2): Percentages of users responses for indicator (D)-(i.s.b.s vs t.s.b.s)
(Appendix-G6)












Cost of changing 
area/size of space
-0.347b -0.317h




Cost of adapting 
the technical / 
environ, services
-0.568s -0.478s -0.457s -0.301b
Cost of changing 
finishings.
-0.422s -0.531s -0.308b -0.340b -0.541s
(a): r(rho) sig. at p<.01
(b): r(rho) sig. at pc.05
Table (3): Matrix of correlations between attributes of maintenance and perceptual 
indicators of cost of change and adaptation
(Appendix-F12)














84.00 4 12.0 7.0 1.71 2.0
18.00 2 6.0 3.6 1.66 2.0
36.00 2 6.0 6.0 1.00 1.0
54.00 3 9.0 6.0 1.50 1.5
160.00 5 16.0 10.0 1.60 2.0
287.50 5 23.0 12.5 1.84 2.0
236.25 5 22.5 10.5 2.14 3.0
108.00 5 12.0 9.0 1.33 1.5
48.00 3 12.0 4.0 3.00 3.0
102.00 5 12.0 8.5 1.41 1.5
21.00 2 6.0 3.5 1.71 2.0
19.25 2 5.5 3.5 1.57 1.5
212.75 5 11.5 8.5 1.35 1.5
120.00 5 12.0 10.0 1.20 1.0
8.00 1 4.0 2.0 2.00 2.0
70.00 4 10.0 7.0 1.42 1.5
15.75 2 4.5 3.5 1.28 1.5
88.00 4 11.0 8.0 1.37 1.5
10.00 1 4.0 2.5 1.60 2.0
5.00 1 2.5 2.0 1.25 1.0
5.00 1 2.5 2.0 1.25 1.0
MTB > Histogram Area










MTB > boxplot Area
+---------+---------+-------- 4--------- +---------+------Area
0 60 120 180 240 300 m2
(Appendix-F13)

















18.00 2 5.50 4.0 3 2 1.37 1.5
12.00 1 4.00 3.0 2 1 1.33 1.5
7.20 1 4.00 1.8 2 1 2.22 2.0
30.24 2 8.40 3.6 5 1 2.33 2.0
21.00 2 7.00 3.0 4 1 2.33 2.0
13.50 1 4.00 3.5 2 1 1.14 1.0
54.00 3 7.70 7.0 4 4 1.10 1.0
54.00 3 7.70 7.0 4 4 1.10 1.0
54.00 3 7.70 7.0 4 4 1.10 1.0
40.32 2 8.40 4.8 5 2 1.75 2.0
136.0C 5 15.84 8.4 9 5 1.88 2.0
54.00 3 8.40 6.5 5 4 1.29 1.5
MTB > Histogram Area 






















Changing funcfti on/use of teaching department
Level services <of teaching department before modification.
Level services of teaching department after modification.
1= GeneraJ-purrpose, 2= Light-practical, 3= Heavy-practical, 4= 
Changing level! of services of teaching space.
Changing areai/size of teaching spaces.
Physical change of teaching spaces.





Adaptation In area/size of teaching space;
Expansion of teaching area.
Contraction of teaching area.
Subivision of teaching area.











Internal adaptation of teaching space:
Adaptation in moveable andfor relocatable partitions.
Adaptation in interior cabinets
(e.g. display, storage units, shelves).
Adaptation in moveable technical equipment 
Adaptation in place-fixed equipment 
Adaptation in the height of the teaching space. 
Adaptation in openings (i.e. windows & doors). 
Adaptation in utility services-A,
(i.e. power points, telephone, etc.).
Adaptation in utility services-B,
(i.e. water supply, drainage installations).
Adaptation in lighting and false-ceiling fixtures. 
Adaptation in technical and environmental services, 
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Change in the organisation and size of learning groups. 
Change of types oif activities.
Change of the use of the space.
Change in the user of the space.
Change of teaching methods, time-tabling, etc.).
Level services of space before adaptation (SpaceB).
Level services of space after adaptation (SpaceA).
Zero Level (0)= Circulation, services & storage areas. 
Level one (1)= General general-purpose accommodation. 
Level two (2)= Light-practical accommodation.
Level three(3)= Heavy-practical accommodation.
Weighting cost of changing level services (CostCLS). 
Area of teaching spaces before adaptation (AreaB). 
Overall cost of changing level services (CostCB).
1=No, 2*Yes.










1 2 2 2 1 1 1 1 2.0 84.0 168.0
2 2 2 2 1 1 1 1 1.0 0.0 0.0
3 2 2 2 1 1 1 1 2.0 54.0 108.0
4 1 1 1 1 1 1 1 1.0 54.0 54.0
5 1 1 1 1 1 1 1 1.0 160.0 160.0
6 2 2 2 1 1 1 1 2.0 287.0 574.0
7 2 2 2 1 1 1 1 2.0 0.0 0.0
8 2 2 2 1 1 1 1 2.0 0.0 0.0
9 2 2 2 1 1 1 1 2.0 0.0 0.0
10 2 1 1 1 1 1 2 2.0 0.0 0.0
11 1 2 2 1 1 0 2 3.0 236.0 708.0
12 2 2 2 1 1 0 2 3.0 0.0 0.0
13 1 1 1 1 1 1 1 2.0 18.0 36.0
14 2 2 2 1 1 1 2 2.0 232.0 464.0
15 2 2 2 1 2 3 2.0 108.0 216.0
16 1 2 2 1 1 0 3 3.0 48.0 144.0
17 1 2 2 1 3 3 1.0 102.0 102.0
18 1 1 1 1 1 3 3 1.0 120.0 120.0
19 1 2 2 1 1 1 2 3.6 32.0 115.2
20 1 1 1 1 1 0 2 3.0 72.0 216.0
21 2 2 2 1 1 2 1 3.2 70.0 224.0
22 1 1 1 1 1 1 1 2.0 5.0 10.0
23 1 1 1 1 1 1 1 2.0 5.0 10.0
24 2 2 1 1 1 3 3 1.0 400.0 400.0
25 2 2 2 1 1 1 1.0 90.0 90.0
26 1 2 1 1 1 3 3 1.0 49.0 49.0
27 1 1 1 1 1 3 3 1.0 68.0 68.0
28 1 1 1 1 1 3 3 1.0 65.0 65.0
29 1 1 1 1 1 3 3 1.0 98.0 98.0
30 1 1 1 1 1 2 2 1.0 83.0 83.0
31 1 1 2 1 1 2 2 1.0 59.0 59.0




















































1 2 1 1 2 2 2 1.0 76.0 76.0
1 1 1 1 1 2 2 1.0 27.0 27.0
2 2 2 1 1 1 2 3.6 24.0 86.4
2 1 1 1 1 2 2 1.0 115.0 115.0
1 2 2 1 0 2 3.0 14.0 42.0
2 1 1 1 1 2 2 1.0 67.0 67.0
2 1 1 1 1 2 2 1.0 63.0 63.0
2 1 1 1 1 3 3 1.0 67.0 67.0
1 1 1 1 1 3 3 1.0 20.0 20.0
2 2 1 1 3 3 1.0 101.0 101.0
2 1 1 1 3 3 1.0 132.0 132.0
1 1 1 1 1 0 1 3.0 7.0 21.0
1 1 2 2 1 0 1 3.0 12.0 36.0
1 1 2 2 1 0 1 3.0 30.0 90.0
2 1 2 2 1 0 1 3.0 32.0 96.0
2 2 2 2 1 1 1 2.0 54.0 108.0
1 2 2 1 1 1 1 2.0 0.0 0.0
1 1 1 1 1 1 1.0 41.0 41.0
1 1 1 1 1 1 1 1.0 136.0 136.0
2 2 2 1 1 1 1 3.6 53.0 190.8
2 2 2 1 1 1 2 3.6 54.0 194.4
2 2 2 1 1 1 2.0 0.0 0.0
2 2 2 1 1 1 1 2.0 21.0 42.0
2 2 2 1 1 1 1.0 14.0 14.0
2 2 2 1 1 1 1.0 54.0 54.0
1 1 1 1 1 0 0 2.0 20.0 40.0
1 1 1 1 1 0 0 2.0 14.0 28.0
1 1 1 1 1 0 0 2.0 19.0 38.0
1 1 1 1 1 0 0 2.0 4.0 8.0
1 1 1 1 1 0 0 2.0 17.0 34.0
2 2 2 1 1 3 3 2.0 98.0 196.0
1 1 2 1 3 3 2.0 17.0 34.0
2 2 2 1 1 2 3 2.0 95.0 190.0
1 2 2 1 1 3 3 2.0 75.0 150.0
1 1 2 1 1 0 3 3.0 15.0 45.0
2 2 2 1 2 3 3 2.0 91.0 182.0
1 2 2 1 2 3 3 2.0 0.0 0.0
1 2 2 1 1 3 0 3.0 0.0 0.0
2 2 2 1 2 1 3 3.6 61.0 219.6










































Changing functican/use of teaching department
Level services oif teaching department before modification.
Level services oif teaching department after modification.
1= General-purpose, 2= Light-practical, 3= Heavy-practical, 4= Physical movement 
Changing level of services of teaching space.
Changing area/size of teaching spaces.
Physical change of teaching spaces.
Organisational change of teaching spaces.
Adaptation in area/size of teaching space:
Expansion of teaching area.
Contraction of teaching area.
Subivision of teaching area
Expansion by addition of new teaching or ancillary area
Internal adaptation of teaching space: 1
Adaptation in moveable andtor relocatable partitions.
Adaptation in interior cabinets 
(e.g. display, storage units, shelves).
Adaptation in moveable technical equipment 
Adaptation in place-fixed equipment 
Adaptation in the height of the teaching space.
Adaptation in openings (i.e. windows & doors).
Adaptation in utility services-A,
(i.e. power points, telephone, etc.).
Adaptation in utility services-B,
(i.e. water supply, drainage installations).
Adaptation in lighting and false-ceiling fixtures.
Adaptation in technical and environmental services,
(i.e. heating units, fans, etc.).
C4 C5 C6 C7 C8 09 C10 C11 C12 C13 C14
1 3 3 2 1 2 2 1 1 1 1
1 3 3 1 1 2 1 1 1 1 1
1 3 3 3 1 2 2 1 1 1 1
1 3 3 3 1 2 2 1 1 1 1
1 3 3 3 1 2 2 1 1 1 1
1 3 3 3 1 2 1 1 1 1 1
1 3 3 3 1 2 2 1 1 1 1
2 1 3 3 1 2 2 1 1 1 1
2 1 3 3 1 2 2 1 1 1 1
2 1 3 3 1 2 2 1 1 1 1
2 1 3 2 1 2 2 1 1 1 1
2 1 2 2 1 2 2 1 1 1 1
2 1 3 2 1 2 2 1 1 1 1
2 1 2 1 1 1 1 1 1 1 1
1 1 1 1 2 2 2 2 1 1 1
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C16 C17 CH8 C19 C20 C21 C22 C23 C24 C25
1 2 2 1 1 1 2 1 1 2
1 2 1 1 1 1 1 1 1 2
1 2 2 1 1 2 2 1 2 1
1 1 1 1 1 1 2 1 2 1
1 2 1 1 1 1 2 1 2 1
2 1 1 1 2 2 2 1 2 1
2 1 1 1 2 2 2 1 2 1
1 2 1 1 1 2 2 2 2 2
1 2 1 1 1 2 2 2 2 2
2 2 1 1 1 2 2 1 2 1











Organisational change: 1=No, 2=Yes.
Change in the organisation and size of learning groups.
Change of types of activities.
Change of the use of the space.
Change in the user of the space.
Change of teaching methods, time-tabling, etc.).
Level services of space before adaptation (SpaceB).
Level services of space after adaptation (SpaceA).
Zero Level (0)= Circulation, services & storage areas.
Level one (1 )= General general-purpose accommodation.
Level two (2)= Light-practical accommodation.
Level three(3)= Heavy-practical accommodation.
Weighting cost of changing level services (CostCLS).
Area of teaching spaces before adaptation (AreaB).
Overall cost of changing level services (CostCB).










1 2 2 2 1 1 2 2 1.0 50.40 50.40
2 1 2 2 1 1 2 1 3.2 50.40 161.28
3 2 2 2 1 2 2 3 2.0 60.50 121.00
4 1 2 2 1 2 3 3 2.0 60.50 121.00
5 2 2 2 1 2 3 3 2.0 69.12 13.24
6 2 2 2 1 2 3 3 2.0 69.12 13.24
7 1 2 2 1 1 3 3 2.0 54.40 13.80
8 2 2 2 1 2 1 3 3.6 72.50 261.00
9 2 2 2 1 2 1 3 3.6 54.15 191.94
10 2 2 2 1 2 1 3 3.6 32.50 117.00
11 2 2 2 1 1 1 2 3.6 35.70 13.52
12 1 2 2 1 2 1 2 3.6 56.40 23.04
13 2 1 1 1 2 2 2 1.0 68.00 68.00
14 1 1 1 1 1 1 1 1.0 96.60 96.60
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15.240 a # = 3


















(a): Significant at p<01, (b): Significant at p<-05
Table (1): Correlations matrix of internal adaptation in the new departments

















7.040 b df= 3


















(a): Significant at {X O I, (b): Significant at p<.Q5
Table (2): Correlation Matrix of internal adaptation in the traditional departments
(Appendix-H13)
Indicators of organisational 










1 .Change in organisation 
and learning groups size
r  0.479a
X2 16.550 s






3.Change in the use and 
function of space












(a): significant at p<.01, (b): significant at p<.05



















1 .Change in organisation 










2. Change of types of 
teaching activities.








3.Change of the use and 












(a): significant at p<.01, (b): significant at p<.05
Table (4): Correlation matrix between indicators of change and internal adaptation
(traditional departments)
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At France Hill secondary school, 
the special social and study needs 
for the older and mature age 
group from 15 to 18 have been 
closely integrated with 
accommodation designed to 
meet the needs of the whole 
school for general 
interdisciplinary project work—  
an important aspect of this 
school’* curriculum. By skilfully 
deploying the more malleable 
accommodation for individual 
work and social activities and 
incorporating the circulation 
space, it has been possible to 
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